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Executive Summary
This is part of the project “Living Standards and WA Agriculture”. The Economic Research 
Centre gratefully acknowledges the financial support of Agriculture Western Australia and 
the Australian Research Council for the project.
Agriculture is an essential component of the WA economy, and is considered vital for 
improving economic wellbeing in the rural and regional areas of the State. 
Nevertheless, the broader contribution of the sector to the State economy is not 
well known. While directly contributing to the State’s GSP, the agricultural sector 
also boosts the expansion of the non-agricultural sectors. For example, the food 
processing, transport and marketing sectors, on the downstream connections, benefit 
from the expansion of agriculture. On the upstream linkages, the fertiliser, chemical, 
machinery industries and various services to agriculture also reap benefits from 
agricultural expansion. There are further rounds of the flow-on benefits resulting 
from the inter-sectoral linkages that exist in the economy. For a comprehensive 
assessment of the role of agriculture, these flow-on benefits (i.e., indirect 
contributions) need to be taken into account as well. Given the size of the sector, 
these benefits to the State economy are likely to be significant.
The importance of agricultural productivity change is growing in WA.
Farmers in WA are confronting challenging times. Climatic conditions aside, farmers 
face pressures on the domestic front, as well as increased competition from world 
markets. Farmers accept prices set in world markets, and have to cope with declining 
terms of trade as output prices tend to rise more slowly than prices paid for inputs. 
One way to stimulate and sustain agricultural growth in the face of intensified 
competition and declining terms of trade is to enhance technical progress and 
productivity. In recent years, due to National Competition Policy and other related 
reforms, farmers have been confronted with changing economic circumstances. Farm 
assistance, in the form of price supports, input subsidies, tax concessions, export 
promotion subsidies, and concessional interest rates, etc., is being wound down. In
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this more competitive environment, productivity enhancement becomes even more 
important for agriculture’s growth.
Against this background, the project has undertaken two studies entitled “An 
Analysis of Productivity Growth in Western Australian Agriculture” and “The Effects 
of Growth in Agriculture on the Western Australian Economy: A CGE Investigation”. 
The first study looks into the productivity performance of WA broadacre agriculture 
for the period 1977/78 to 1997/98, with the economy split by climatic zones and broad 
industries. The second study introduces an economy-wide model of the WA 
economy and uses it to quantitatively analyse the direct and indirect effects on the 
State economy of the output growth of WA broadacre agriculture. It also decomposes 
the economy-wide effects of agricultural output growth by its sources — agricultural 
input growth and productivity growth. The key results of the two studies are 
summarised below.
An Analysis of Productivity Growth in Western Australian Agriculture
Between 1977/78 and 1997/98, total factor productivity in agriculture 
grew at an average annual rate of 4.2 percent (Figure 1). Within 
Australia, only South Australian agriculture experienced such a high rate of 
productivity growth.
FIGURE 1
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Within WA, total factor productivity growth is highest in the wheat-sheep 
zone (4.7 percent p.a.). Our estimates reveal that the performance of WA 
broadacre agriculture almost mirrors that of the wheat-sheep zone.
Among the broadly defined industry groups in WA, the crop industry 
experienced the highest total factor productivity growth, 6.6 percent p.a. 
(Figure 2).
FIGURE 2















While seasonal conditions play a major role in year-to-year fluctuations of 
agricultural growth, our analysis seems to suggest that technology transfer 
and adoption has exerted a positive impact on productivity growth, 
especially in the case of pulses and oilseeds.
The Effects of Growth in Agriculture on the Western Australian Economy: A 
CGE Investigation
Between 1977/78 and 1997/98, broadacre agricultural production grew 
at an average annual rate of over 6 percent in WA. Figure 3 shows the 
average annual rate of growth during the period for five broad agricultural 
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We introduce a new CGE model of the WA economy (known as WAG), 
which places particular emphasis on the agricultural sector. The model has 
been used to quantify the broader effects of the typical-yearly growth in WA 
broadacre agriculture.
According to WAG simulation results, the typical-yearly growth in 
broadacre agriculture, in the absence of any policy changes or other external 
shocks, causes WA’s real GSP to grow by .5 percent. The direct effect of 
this growth on GSP is about .2 percent (Figure 4). The remaining .3 percent 
is the indirect contribution of the sector. In other words, the indirect effect 
of agricultural growth is .3 h- .2 = 1.5 times the direct effect.
FIGURE 4
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Growth in agricultural production brings about a .6 percent growth in 
aggregate exports (both agricultural and non-agricultural) from WA. 
Although broadacre agriculture exports grow by over 9 percent, the low 
growth in total exports is due to the contraction of mining and fishing 
exports. This is a reverse “Gregory effect” phenomenon — an expansion of 
agriculture, other things being unchanged, leads to a real appreciation of the 
exchange rate which hurts non-agricultural exports.
Sectors with strong direct linkages to agriculture benefit most from the 
expansion of the industry (Table 1). Foremost among these is the sector 
“services to agriculture”, which grows by over two percent, followed by 
“trade & transport services”.
TABLE 1
TYPICAL-YEAR EFFECTS OF GROWTH IN 
BROADACRE AGRICULTURE ON SECTORAL PRODUCTION
(Percent change)
Sector Effects on 
production
Dairy
Services to agriculture 




Trade & transport 











WA total production .45
The decomposition analysis shows that of the 6 percent average annual 
growth in broadacre agriculture, three-quarters are due to productivity 
growth and the remaining quarter is due to input growth (Figure 5).
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FIGURE 5
CONTRIBUTION OF INPUT AND PRODUCTIVITY 




About three-quarters of the 9 percent growth in agricultural exports can be 
attributed to agricultural productivity growth.
Productivity growth in agriculture leads to a significant increase in farmers’ 
income. It helps reduce production costs and the supply price of agricultural 
outputs. This in turn induces an increase in the demand for agricultural 
commodities and produces a resultant increase in farmers’ income.
Above, we stated that the 6 percent growth in agriculture leads to an 
expansion of GSP of approximately .5 percent. According to our estimates, 
about 40 percent of this .5 percent GSP growth is derived from agricultural 
productivity growth (Figure 6). Input growth accounts for the remaining 60 
percent.
FIGURE 6
CONTRIBUTION OF AGRICULTURAL 
PRODUCTIVITY GROWTH TO GSP
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Thus, the results suggest that the indirect benefits of agriculture exceed its direct 
contributions and that the contributions made by enhancing productivity in agriculture 
are indeed substantial.
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ABSTRACT
The objective of this paper is to analyse productivity growth of Western Australian broadacre 
agriculture. For the period 1977/78 to 1997/98, the growth of aggregated outputs, inputs and the total 
factor productivity (TFP), of broadacre agriculture in WA is estimated by applying a non-parametric 
approach. The productivity performance of WA agriculture is compared with that of other Austrahan 
states. An attempt is made to identify the factors, which may explain productivity growth in WA 
agriculture. TFP growth in WA agriculture is estimated to be 4.2 percent p.a.. Compared to other 
Austrahan states, only South Austrahan agriculture has experienced a higher rate of productivity 
growth. Within WA, the wheat-sheep zone has the highest TFP growth of 4.7 percent p.a.. Among 
the broadly defined industry groups, the crop industry experienced the highest TFP growth of 6.6 
percent p.a.. Besides the influence of seasonal conditions, the transfer and adoption of new 
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1. INTRODUCTION
For Western Australia, the economic prosperity of the rural community and the living 
standards of farmers rely heavily on the growth of the state’s farming sector. The growth in the 
farming sector in turn depends on the resource base, such as land, and productivity growth. 
However, most industry analysts point to a declining resource base for broadacre farming in WA, 
associated with increasing salinisation and acidification. The enhancement of farm-level productivity 
is important, therefore, for the growth of the agricultural sector and the rural economy.
WA agriculture is predominantly export oriented and in fact exports about 75 percent of its 
produce (Islam, 1999). Nevertheless, it is still a small player in the world market, comprising only 
about .6 percent of the total world agricultural trade. As a result, WA farmers accept world market 
prices and are exposed to their fluctuations. Added to this is the fact that increases in commodity 
prices have been relatively slow, compared to rapid increases in the prices of inputs. This has given 
rise to a situation where the prices received relative to the prices paid by farmers (i.e. the farmers’ 
terms of trade) are declining (Chisholm, 1992). Furthermore, rapid technological improvements such 
as the emergence of hybrid and genetically modified (GMO) crops, as well as genetically engineered 
food products, and advances in transportation and communication systems, are taking place in many 
competing countries. This technological progress is having a significant impact on increasing the 
production capacity of these countries and reducing their production costs. Moreover, in some cases, 
their farm production is subsidised. The FAIR Act and the Export Enhancement Program in the 
United States, and the Common Agricultural Policy (CAP)1 in the European Union are a few 
examples of these subsidies. Accordingly, rapid technological progress in these countries, coupled 
with production subsidies, has enabled them to supply their products at lower prices and emerge as 
stronger competitors in international markets. Faced with this situation of increased international 
competition, a declining resource base and a deterioration in the farmers’ terms of trade, the 
challenge for the agricultural sector in WA is to enhance and sustain farm-level productivity growth 
so as to remain competitive in international markets. The importance of productivity growth in 
Austrahan agriculture, has been emphasised by researchers and policy makers (see, e.g., McKay, 
Lawrence and Valstain, 1982; Wall and Fisher, 1987; Mullen, et al., 1995; Mullen and Cox, 1996; 
Coelli, 1996; Islam, 1995; and Productivity Commission, 1996 and 1999).
Now known as the Agenda 2000.
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Productivity growth depends, to a large extent, on the progress and application of 
technologies which are generated through research and development (R&D) activities. Historically, 
agricultural R&D activities in Australia relied heavily on government funding support2 (Mullen et 
al, 1996). This has been the case not only in Australia, but also in most other developed economies 
such as the US, Canada, and the UK. In WA, Agriculture Western Austraha is the largest 
government agency providing funds for investment in agricultural research. Its goal is to maintain 
sustainable growth in the productivity of the state’s agriculture sector. It does this by undertaking 
most of the agricultural R&D activities in the state.
However, in recent years. Agriculture WA has had to face the challenge of achieving its goal 
under increasingly tight budget conditions. In order to formulate the R&D investment policy of the 
agency, information on the productivity variation across industries and farm units, as well as on the 
causes of variation is vital. Such knowledge is crucial for identifying constraints to productivity 
growth and for understanding the needs of the rural industries in WA. Moreover, knowledge of the 
productivity performance of different agricultural industries in WA may provide insight into their 
capacity to cope with the challenges they encounter, as well as into their future growth potential.
In the literature on WA agriculture on empirical research, the estimation of productivity 
variation across farm units and the identification of its determinants, have been relatively neglected. 
To fill in this gap, this paper aims to analyse the productivity growth performance of a number of 
agricultural industries in WA for the last two decades. The study also makes an attempt to 
investigate the causes of differences in productivity growth through time, and across industries in 
WA agriculture.
The paper is organised into five sections. Having introduced the paper in Section 1, in 
Section 2 some literature on methods of productivity measurement is briefly reviewed. In Section 3, 
the data and the productivity measurements are summarised. The section also presents estimates of 
the productivity growth for the period 1977/78 to 1997/98. In Section 4 an attempt is made to 
identify the factors contributing to the growth discussed in Section 3. The paper is concluded in 
Section 5.
2 The underlying principle behind the involvement of the public sector is that because of an inability to internalise 
positive externalities, small individual farmers are expected to under-invest in agricultural R&D activities (Inglis, 
1995).
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2. MEASURES OF PRODUCTIVITY GROWTH
Conventionally, productivity is simply measured by the ratio of outputs to inputs and 
productivity growth is measured by taking the difference of growth in outputs and inputs. However, 
the productivity of a business unit, say a farm, is measured on the basis of its ability to produce a 
profit maximising or cost minimising level of output by using the best combination of resources, 
including labour and capital. As a farm usually produces more than one output in combination with 
its management and other inputs, measuring its productivity is a complex task. Inputs and outputs are 
not necessarily homogeneous across time or firms, in terms of their units and qualities. The 
heterogeneous characteristics of these commodities make it difficult to aggregate them and to 
compute the total output and total input indices. In this section some literature on the methods of 
productivity measurement is briefly reviewed to select a suitable method for the present study.
The existing approaches to measure productivity growth can be classified into two groups: 
parametric and non-parametric. The least-squares econometric production and stochastic frontier 
production function models are examples of the first category and the traditional Tomqvist-Theil 
(TT) or Christensen and Jorgenson (1970) total factor productivity (C&J TFP) index and data 
envelopment analysis (DEA) are examples of the second group3.
The parametric methods, based on cost or profit functions, have been used less frequently in 
Australian agricultural studies. Studies by McKay, Lawrence and Valstain (1982), Fisher and Wall 
(1990), Mullen, et al., (1995), Mullen and Cox (1996), Coelli (1996), and Ahammad and Islam 
(1999) fall under this category. However, the non-parametric methods, particularly the TT or C&J 
TFP4 index number approach have been very popular and extensively applied in Australian 
agricultural studies. To appreciate the popularity of the TT approach a brief discussion on a few 
commonly used index number approaches and their relationship with economic theory is presented.
3 See Coelli et al. (1998) for a detailed discussion about the distinctions between these methods.
4 In the rest of the paper we have used TT and C&J TFP interchangeably.
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Index number approaches52.1
Index numbers play a major role in three areas of productivity measurements: (a) In the 
computation of output and input index numbers. These index numbers in turn are used to compute 
TFP index numbers, (b) Index numbers take an indirect role in generating data that are required for 
productivity measurements using both the parametric and non-parametric approaches, (c) Index 
numbers also help to deal with the problems of a panel data in measuring the price and quantity 
variables over time and space. In the literature on productivity measures, disagreement centres 
around the choice of an index number procedure to aggregate outputs and inputs (Christensen, 1975; 
Mullen and Cox, 1995, and 1996). We begin our discussion by presenting a short overview on the 
properties of the traditional index number approaches, to help understand the relative merits of 
different approaches.
Laspeyres (LA), Paasche (PA), Fisher Ideal (FI), and Tomqvist-Theil (TT) indices are the 
commonly used traditional index number approaches. The underlying functional relationship for 
both the LA and PA indices are linear. This means that, these two indices assume that all factors of 
production are perfect substitutes and inputs are used in fixed proportions. For a linear production 
function these indices are exact. The difference between these two indices is that the LA price index 
uses the base period quantities as weights, whereas, the PA index uses the current period quantities 
as weights. These two indices represents two extremes, one placing emphasis on base period 
quantities and the other on current period quantities. The indices tend to diverge when price relatives 
exhibit a large variation. If the price variation is zero then they coincide.
The FI index (Fisher, 1922) is the geometric mean of the LA and PA indices which lies 
between the two extremes. It has a number of useful statistical and economic properties. Diewert 
(1992) shows that the FI index is exact for a production technology which is of quadratic6.
The TT price index is defined as the weighted geometric mean of the relative prices, with 
weights given by the average of the value shares in two adjacent periods. This index can be written
as:
5 The discussion in this part of the section is largely based on Coelli et a/. (1998).







where Pt is the price index; pi, and pi>t.i represent the price of the ith component in periods t and t-1, 
respectively; and Wit is (wIt+Wi,,_i)/2, the simple average of the value share (wit= pitqit/Mt, where Mt 
= ^^iP,tqit and q^ is the output quantity) of the i* component in periods t and t-1. This price index
is usually applied in log-change form, so that it is a weighted average of the logarithmic price 
changes and provides an indication of the overall growth rate in prices. The same approach is used to 
calculate a quantity index. Quantity changes are measured in two ways - direct and indirect. In the 
direct method, the overall quantity change is measured from individual commodity specific quantity 
changes such as qit/qi,t-i.
The indirect method, takes into consideration the fact that there are two components that 
make up the value change over the periods t-1 and t, price and quantity. Accordingly, if price 
changes are measured directly then quantity changes can be indirectly calculated by discounting the 
value change for price change. The indirect measure is usually applied for comparing quantity 
changes over time. The remarkable feature of this indirect measure is its practical applicability in 
terms of using the value aggregates, after being adjusted for price changes over time, as aggregate 
quantities or quantities of composite commodities.
The PA-price index and LA-quantity index are dual to each other implying that together they 
decompose the value index. The FI index for prices and the FI index for quantities together form a 
dual pair. This means that the indirect FT-quantity index, obtained by deflating the Fl-value index 
with Fl-price index, will be exactly the same as the direct Fl-quantity index. Therefore, the FI index 
has the ‘factor reversal test’ property.
However, the TT index does not have the property of self-duality7 because it involves the 
geometric mean in its calculation. This index is exact for a production technology which can be 
represented by a translog transformation function. The characteristic of a translog transformation 
function is that the second order coefficients are equal across time or firms. Both the FI and TT 
indices are called superlative indices (Diewert, 1992) as their respective quadratic and translog
7 Self-duality means that if the quantity index is derived indirectly by using the direct price index then it will not be 
different from the direct quantity index. In the TT index, the indirect quantity index will be different from the direct 
quantity index.
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functional forms are flexible8 in nature. However, none of the index number approaches discussed 
above satisfy the transitivity9 property but the FI and TT indices satisfy the time-reversal test10.
There are two theoretical approaches to measuring TFP growth which satisfy the transitivity 
property. One is referred to as the Malmquist TFP index and the other is the modified TT approach 
discussed in Caves, Christensen and Diewert (1982). Under this CCD approach, one way to measure 
productivity change is to compare the change in output growth from a given level of inputs used 
under the current technology, with the output growth that could be achieved under a given reference 
technology using the same level of inputs. The CCD approach forms the basis of the Malmquist TFP 
approach. The Malmquist approach is based on the concept of output distance function. An output 
distance function considers a maximal proportional expansion of outputs under a given level of 
inputs.
From a practical point of view, a problem of choice arises as to which approach should be 
used if the direct and indirect approaches lead to different estimates of quantity changes. As 
suggested by Allen and Diewert (1982), the choice of an approach should depend on the type of data 
available, the variability in the price and quantity relatives as well as the theoretical framework used 
in the comparison of quantities.
The other concern surrounding choice is the rehability11 of the underlying index. The 
literature suggests that the relative variability in the price and quantity ratios provides a useful clue 
as to which index is more reliable. If quantity ratios relative to price ratios are less variable, then a 
direct quantity index is suggested, and if the price relatives are less variable compared to quantity 
relatives, then an indirect quantity index is prescribed. However, under certain conditions direct 
output and input quantity indices, based on TT index formula, are theoretically superior (Diewert, 
1976 and 1983; and Caves, Christensen and Diewert, 1992). Diewert (1992) concludes that as the FI 
and TT indices both provide reasonable approximations to the ‘true’ output and input quantity index 
numbers in most empirical applications where time series data are involved, both formulae yield 
very similar numerical values for the TFP index.
8 A function is called flexible if it provides a second-order approximation of any arbitrary function.
9 The transitivity property relates that a direct comparison of a price index between periods t and s yields the same 
index as an indirect comparison through a period r. For example, the transitivity test requires that: Pst = Psr x Pit 
where s, t and r are any three periods.
10 For two periods s and t the time-reversal-test satisfies: Pst = 1/Pts. That is, a price comparison between s and t yields 
the same index as an inverse price comparison between t and s.
11 Reliability of an index number depends on the degree of relative variability in price and quantity ratios.
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Having introduced a number of commonly used index number approaches we turn our 
discussion to a review of Australian studies related to agriculture.
2.2 Approaches used in selected Austrahan studies
In Austrahan research, the TT index procedure is the most widely used method (Lawrence 
and McKay, 1980; Beck et al., 1985; Males et al., 1990; Mullen and Cox, 1994 and 1995; and 
Mullen et al, 1995; Islam, 1995; Strappazzon et al, 1996, and Coelli, 1996). In Table 1, the 
objectives, study locations, study periods, data sources, methods applied and estimated productivity 
growth of these studies are summarised. Column 6 of the table indicates that the TT index method 
have been applied in almost ah studies. The argument for the appropriateness of the TT index is that, 
it is suitable for most production situations where production structure is not linear, inputs and 
outputs are not perfectly substitutable and the underlying functional form is nonhomothetic translog 
(i.e. the bundles of inputs cannot be compared directly between two production levels). As 
mentioned above, this functional form provides a second-order approximation (Diewert and Wales, 
1987). The principal advantage of this index is that it is not based upon simplistic linear production 
assumptions as are the LA, PA and other index procedures. However, the disadvantages associated 
with this index are that it is not as intuitive as the other indexes to interpret and requires extra data on 
the prices of each of the inputs and outputs for ah the years under consideration (See Christensen, 
1975 for concepts and measures of agricultural productivity in using the TT index). There are also 
concerns that, because it assumes constant returns to scale and translog functional form, estimates of 
productivity growth based on the TT index may be biased (Coehi et al, 1998).
Mullen et al. (1995) and Strappazzon et al (1996) have reported and applied a number of 
alternative measures of productivity which relax these restrictions. Using data on Austrahan 
agriculture, they have compared productivity growth rates by applying the following methods.





AUSTRALIAN STUDIES ON MEASURING AGRICULTURAL PRODUCTIVITY GROWTH
Study objectives Country/State/ Study
Region/Industry period
Author(s) Data and sources Methods applied Productivity 
growth rate 
(percent p.a.)
(3) (4)(1) (2) (5) (6) (7)
Australian wheat- 
sheep industry
1952/53Analysing the extent and 
nature of productivity 
changes
Australian Sheep Industry 
Survey (ASIS) data, 




2.9• Tornqvist-Theil (TT) or 








1952/53 Australian Agricultural and • Fisher Ideal Index (FI) 





1977/78Males et al. (1990) Examining the changes in 





Productivity data set, 
ABARE
2.2• TT or C&J TFP
to
1988/89
Islam (1995) Investigating inputs, 
outputs and productivity 
changes in WA agriculture
Wheat-sheep zone 1977/78 Productivity data set, 
ABARE
3.8• TT or C&J TFP
to
1993/94
1953/54Mullen and Cox 
(1995) and Mullen 
etal. (1995)
Estimating the relationship 
between several measures 





AAGIS, ABARE 2.3• TT or C&J TFP
to
• Caves, Christensen and 
Diewert (CCD)
1987/88 2.2
1.8• Chavas &Cox (C&C)
• Translog cost function 
(COST)
1.6
(continued on next page)
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TABLE 1 (Continued)
Study objectivesAuthors Country/State/ Study
Region/Industry period
Data and sources Methods applied Productivity 
growth rate 
(percent p.a.)
(2)(1) (3) (4) (5) (6) (7)
Investigating productivity 
growth in WA agriculture
WA Wheat-sheep 
zone








Mullen and Cox 
(1996)
1953/54 AAGIS, ABARE and 




2.5• C&J TFP (mix index)3








Strappazzon et al. 
(1996)
Measuring differences in 
TFP under different 
methods













Note: “The C&J TFP mix index is computed from direct input and implicit output quantity indices and by adding a scale adjustment factor.
9
2. A scale adjusted version of the C&J TFP index suggested by Caves, Christensen and 
Diewert (1982). In the CCD approach, the constant returns to scale assumption is relaxed by 
adding a scale adjustment factor. Mullen and Cox (1996) added these scale adjustment 
factors in their C&J TFP index.
3. A non-parametric measure developed by Chavas and Cox (1994) is based on distance 
functions. The advantage of the C&C method is that the imposition on the production 
technology of a particular functional form such as translog is avoided. Hence, it generalises 
further the measurement of productivity.
A Malmquist productivity index requires the computation of output distance functions for 
observation periods with reference to technology periods. This approach requires linear 
programming solutions for the computation of a distance function. Malmquist index 
measures can be used to decompose measured changes in efficiency into technical progress 
and catchup efficiency when panel data are available. Strappazzon et al. (1996) have used 
this approach and applied it to the Australian broadacre data for the period 1977/78 to 
1993/94 for comparing productivity growth with other measures.
4.
5. A translog cost function is a parametric measure. Mullen and Cox (1996) specified and 
estimated a translog cost function to take account of the returns to scale and bias in technical 
change.
An investigation of Column 7 in Table 1 reveals that the growth estimates of the studies 
using different approaches did not vary remarkably. For instance, in the studies by Mullen and Cox 
(1995) and Mullen et al. (1995), where they have used broadacre agriculture data for the period 
1953/54 to 1987/88, the growth estimates measured by different approaches varied between 1.6 to 
2.3 percent. Similarly, Mullen and Cox (1996), by extending the data series to 1993/94 and by 
applying similar approaches, experienced an even smaller divergence (2.4 to 2.6 percent) in the 
estimates of productivity growth. With the exception of the Malmquist approach, similar results 
were found by Strappazzon et al. (1996) (Table 1). The Malmquist productivity index has given a 
negative growth rate over the study period whereas the growth measures for the same data set from 
other indices range between 2.3 to 3.0 percent. One possible explanation advanced by Strappazzon 
(1996) for this erratic result is the fact that Malmquist index does not use prices to ‘weight’ 
commodities.
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A simple statistical analysis of the growth estimates given in column 7 of Table 1 reveals 
that the TFP growth of Austrahan broadacre agriculture is distributed around the mean12 of 2.5 
percent p.a. with a very small standard deviation of .4. In Figure 1, a graphical illustration on the 
average growth for each category of methods reveals that all growth estimates are close to the mean 
while the PA and LA estimates he on the two extreme ends of the mean.
FIGURE 1
TFP GROWTH IN AUSTRALIAN BROADACRE AGRICULTURE 
MEASURED BY DIFFERENT METHODS
The approach selected for this study2.3
The review of productivity measures and empirical studies presented above suggests that 
parametric and non-parametric approaches differed in the extent to which they imposed structure on 
the nature of technology relating to biasness, returns to scale, and functional form. Each of the 
approaches have weakness and strengths. For example, for ah the non-parametric approaches it is 
not possible to measure the level of statistical significance for their growth estimates. This is an 
important drawback as it is difficult to compare growth estimates from two non-parametric
12 In this mean the Malmquist TFP growth rate of -.8 is excluded considering it to be an outlier.
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approaches in terms of their goodness of fit. On the other hand, parametric methods provide 
information on statistical goodness of fit but they need data with a large number of observations to 
overcome the degrees of freedom problem. In the context of Austrahan agriculture, such a data base 
is not readily available.
Comparing the FI and TT indices, in line with Diewert (1992), Mullen and Cox (1996) have 
preferred the FI index because the TT index, although widely used, does not pass the factor reversal 
test. Diewert (1976 and 1983) and Caves, Christensen and Diewert (1982), however, suggest that 
the direct output and input quantity indices, based on the TT method are theoretically superior 
under certain conditions. The studies above lead to the conclusion that a choice between the TT and 
FI methods, needs to be made as to whether a direct-quantity and implicit price or an indirect 
quantity and direct price indices should be used.
Despite the marginal disadvantages of the TT approach compared to the FI index outlined 
above, we have applied the TT or C&J TFP approach for the following reasons:
The productivity data set provided by ABARE is in index form. ABARE applies the TT 
method to the Australian annual farm survey data in compiling the productivity data set.
1.
In order to apply other methods, the available data will have to be reconstructed which 
imposes sever restrictions in terms of time and resources.
2.
As most of the previous studies (including the Productivity Commission, 1999) have 
used the TT method, its application makes the results of this study comparable with 
those cited in early studies.
3.
4. As evident in Table 1 and Figure 1, the TFP growth measured by the TT method does 
not differ much from those measured by other methods such as FI and CCD methods.
Hence, we have used the TT method. For our empirical estimation of the TFP growth in WA 
broadacre agriculture, we have used the following TT index formula. In log form the TFP index can 
be expressed as





where Yj is the ith output quantity; Rit is l/2(Rit + Ri,t-i), the average of the output revenue share (Rit 
= PitYjt/Nt) of the ith output component in period t and t-1; N, = > P*t the price of ith
output; Xjt is the j* input quantity; Si, is ^(Su + S^m), the average of the input cost share (Si, = 
PjtXjt/K,) of the jth input component in period t and t-1; K, = ^^P^Xj, and Pj, is the price of jlh 
input.
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3. ESTIMATES OF PRODUCTIVITY GROWTH IN WA AGRICULTURE
In this section, growth in inputs, outputs and productivity of WA broadacre agriculture are 
estimated and compared to that for other Austrahan states. The TT indexing method discussed in 
Section 2 and the farm productivity data set discussed below are used for the growth estimation. 
Within WA, the outputs, inputs, and TFP growth are estimated for WA climatic zones and broadly 
classified industries. Our estimates are also compared with the findings of earlier studies.
3.1 The data set
The database used to estimate the productivity growth in WA agriculture is the ‘farm 
productivity data’ of the Austrahan Bureau of Agricultural and Resource Economics (ABARE, 
1999). This data series contains average farm level output and input data for a period of 21 years 
(1977/78 to 1997/98) and is based on ABARE’s annual farm surveys of broadacre and dairy 
industries13. ABARE provides data for:
Total broadacre (farms with 200 or more sheep) by states; 
Western Austrahan broadacre by three climatic zones ; 
Western Austrahan broadacre by five ANZSIC industries; and 
Western Austrahan dairy industry.
The broadacre and dairy industries relate mainly to certain types of commodities and are 
based on the Austraha New Zealand Standard Industry Classification (ANZSIC) (ABS, 1993). 
These ANZSIC industries are: Crops, Livestock-crops mixed. Sheep, Beef, Sheep-beef and Dairy.14 
Under the classification of chmatic zone, broadacre agriculture is divided into three main zones: 
high-rainfall, wheat-sheep, and pastoral zones. The agricultural characteristics of these zones and
13 A list of variables and a note on the data set are given in Islam (1999a).
14 Farms assigned to a particular ANZSIC industry class have a greater proportion of their output characterised by that 
class (ABARE, 1997). This means that farms in an industry class also produce other commodities in addition to the 
major output suggested by the industry name. See Islam, (1999) for further information on the farming activities 
included in each of these industries.
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industries are described in Islam (1999). In this study, except the WA dairy industry all other 
broadacre data sets are used.15
The composition of the input and output variables in the data sets for the climatic zones and 
industry classifications are more or less the same as in the total broadacre data set. There are price 
and quantity variables for 12 outputs and 27 inputs. Where quantity variables were not available, 
ABARE derived them by deflating the farm survey data with AB ARE’s appropriate price-paid and 
price-received indices (ABARE, 1995). The prices used were farm gate prices.
For the purpose of comparing productivity growth across Australian states, WA climatic 
zones and commodity industries, these variables were grouped into one composite output and one 
composite input by using the TT index method mentioned in Section 3. However, for the 
subsequent analysis for WA agriculture these composite outputs and inputs are decomposed into six 
output16 and three input groups. A general description on the measurement of the output and input 
groups for the total broadacre data set is given in Appendix A.
3.2 WA broadacre agriculture
The movement of the output, input and productivity indices and their growth rates for WA 
broadacre agriculture are presented in Figure 2. The output, input and TFP indices are given in 
Table B1 of Appendix B and the decomposed quantity indices of six output and three input 
components are given in Tables B2 and B3 respectively, of Appendix B.
Figure 2 indicates that over the 21 year study period, except for a few marked declines from 
1984/85 to 1985/86, and from 1993/94 to 1994/95 (as indicated by the two vertical lines), the TFP 
in WA broadacre agriculture has been increasing at an average rate of 4.2 percent p.a. with a 
standard deviation of 13.1 (Table 2). Input use per farm has been more or less flat until 1991/92 but 
since then it has been slowly increasing. For the total period the annual average growth rate of total 
input is estimated at 1.9 percent with a relatively smaller standard deviation of 6.2 (Table 2). The 
annual average output growth is estimated at 6.2 percent with a standard deviation of 14.7 (Table 
2). The movement of the output index appears to have followed closely the movement of the TFP
15 The dairy industry is not included in this paper because its data set is separate and different from the broadacre data 
set. However, a productivity analysis for this industry has been done separately and its results can be obtained from 
the author on request.
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index (Figure 2). Given that the input growth has been slow, the TFP growth appears to have been 
contributing significantly to the output growth in WA broadacre agriculture.
FIGURE 2
OUTPUTS, INPUTS AND PRODUCTIVITY TRENDS IN 
WA AGRICULTURE, 1977/78 TO 1997/97 (1987/88 =100)
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Compared to those of the early studies in WA, our growth estimates seems to be larger. For 
example, Coelli (1996) estimated the output, input and TFP growth rates at 5.3, 2.6 and 2.7 percent 
p.a. respectively. He used the same TT method that we used. Reasons for this difference could be 
that the data he has used were for a different location (i.e. the wheat-sheep zone in WA) and time 
period (1953/54 to 1987/88). The other reason could be that he obtained these annual growth rates 
by subtracting one from the exponent to the coefficients of the time trends whereas we obtained the 
same by taking an average of the annual percentage changes in outputs, inputs and TFP indices.17 
However, the nature of the volatility of the output growth appear to be similar to that in this study.
16 The composition of outputs in a commodity groups is different from that in a corresponding ANZSIC industry. For 
example, the total output of the sheep commodity includes sheep and lamb for meat whereas the total output in the 
sheep industry classified by ANZSIC code, includes sheep, prime-lamb, wool and other commodities.
17 Our approach to obtain the annual rate of growth was applied to Coelli’s data and found that his output, input and 
TFP growth rates have changed to 6.8, 2.9 and 3.9 percent p.a. respectively. These growth rates are very close to 
those of the present study.
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In both the present and Coelli’s (1996) studies the volatility in the output growth is very high 
compared to input growth.
3.3 The six states
The output, input and TFP growth estimates of WA agriculture are compared with those of 
other Australian states18 in Table 2. With respect to TFP and output growth, WA is second to South 
Australia where these growth rates are 6.5 and 7.3 percent p.a. respectively. The overall national 
TFP and output growth rates are 3.3 and 4.2 percent p.a. respectively. In terms of input growth, WA 
has the highest growth of 1.9 percent p.a. and Tasmania has the lowest growth of-.1 percent p.a..
TABLE 2
AVERAGE ANNUAL GROWTH IN BROAD ACRE 








(1) (2) (3) (4) (5) (6)
Western Austraha 6.21 14.68 1.90 6.17 4.25 13.10
Victoria 4.04 18.91 0.67 5.36 3.64 19.95
Tasmania 2.02 19.38 -0.13 12.23 1.71 10.44
South Australia 7.25 22.37 0.82 4.48 6.49 23.01
New South Wales 4.18 17.00 0.82 6.31 3.79 18.69
Queensland
AUSTRALIA
4.18 14.84 1.40 7.95 3.16 15.29
4.19 12.31 1.01 3.41 3.27 12.89
Note: The growth p.a. is obtained by taking an average of annual percentage changes in outputs, inputs and TFP 
indices. The SD is the standard deviation. Conceptually, the difference between the per annum growth in 
outputs (in column 1) and inputs (in column 3) should be equal to the corresponding per annum growth in TFP 
(in colimn 5). However, we notice that in most cases they are not equal. This discrepancy is mainly due to 
large variations in output and input indices.
A further examination of these growth estimates reveals that although SA’s output and TFP 
growths have the highest value, the value of their standard deviations are also very high (22.4 and
17
23.0 respectively). This indicates that the total output and TFP growths in SA have been relatively 
volatile compared to WA. The relative volatility in the movement of the TFP index for WA 
agriculture is compared with those of the other Australian states in Figure 3.
FIGURE 3
TFP IN BROAD ACRE AGRICULTURE IN WESTERN AUSTRALIA AND 
OTHER AUSTRALIAN STATES, 1977/78 - 1997/98 (1987/88 =100)
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18 The total outputs, inputs and TFP indices for individual Australian states are provided in Tables Bl, and in B4 to B9 
of Appendix B.
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In general, the TFP indices for all the states have positive growth trends. However, the TFP 
growth in WA agriculture appears to have exceeded all the states particularly since 1987/88. As 
panel D shows, SA starts from a lower level than WA. Accordingly, despite the higher annual 
growth in SA, the level of productivity is still higher in WA than S A. Another interesting feature to 
note that since 1987/88, the TFP growth path for all other states except for Queensland and South 
Austraha, more or less moved parallel with the TFP growth path for WA. As the composition of 
agricultural structure and physical environment are different from one state to the other it is difficult 
to explain clearly from Figure 3 why such a parallel movement exists and why the TFP growth in 
WA agriculture has been higher, particularly during the last decade. Establishing such an 
explanation for this phenomena is beyond the scope of this study.
The rest of this section is limited to the analysis of the growth performance of WA 
agriculture according to its climatic zones, and industry classifications.
3.4 Climatic zones
The growth rates and their SDs of outputs, inputs and TFP in the three climatic zones of 
WA broadacre agriculture are presented in Table 3. The TFP trends for these climatic zones are 
compared in Figure 4. It is revealed that the TFP trends and growth rates for the whole WA and its 
wheat-sheep zone are almost identical. They move closely together. This is perhaps to be expected 
as the share of the wheat-sheep zone is dominant (more that 80 percent) in the total gross value of 
agricultural production (GVAP) in WA.
Table 3 indicates that the growth rates of outputs, inputs and TFP are highest at 7.1, 2.4 and 
4.7 percent p.a. respectively, in the wheat-sheep zone. The outputs and inputs growth are less 
volatile in this zone compared to the other two zones. The above results reconfirm a common view 
that the growth performance of broadacre agriculture in WA is almost entirely dependent on the 
growth performance of its wheat-sheep zone.
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TABLE 3
AVERAGE ANNUAL GROWTH IN BROAD ACRE AGRICULTURE 
BY WA CLIMATIC ZONES, 1977/78 -1997/98
Outputs Inputs TFP











7.11 16.68 2.38 6.76 4.67 15.22
3.28 16.79 1.76 12.92 1.39 9.28
2.59 16.70 -0.01 21.01 2.23 20.56
6.21 14.68 6.171.90 4.25 13.10
Note: See the note to Table 2.
FIGURE 4
AGRICULTURAL TFP IN WA CLIMATIC ZONES, 
1977/78-1997/98 (1977/78=100)
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The estimated SDs of the average output and input growth indicate that, the output 
variability across the zones are almost the same but they are different for the input (Table 3). For 
the pastoral zone the SD for the input growth is 21.0, which is more than three times higher than 
that for the wheat-sheep zone and about two times higher than for the high-rainfall zone. For the 
wheat-sheep zone, the output growth is very high (7.1 percent p.a.). The TFP growth (4.7 percent 
p.a.) is also very high compared to that of the pastoral zone (2.2 percent p.a.). There has been a 
steady growth in input (2.4 percent p.a.) in the wheat-sheep zone compared to the negative average 
(-0.01 percent p.a.) and highly volatile input growth in the pastoral zone. For the high-rainfall zone, 
the volatility in the growth of outputs and inputs are high but it is low in the TFP growth. The close 
movements of both the output and input indices may explain the low volatility of the TFP growth 
(see, panel C in Figure Cl of Appendix C).
3.5 ANZSIC industries
The growth performance of the broadly defined industries in WA Agriculture is assessed in 
Table 4 and Figure 5.19 It is revealed in Table 4 that the crops industry has the highest TFP and total 
output growth of 6.6 and 10.3 percent p.a. respectively. The growth in input is relatively lower (3.3 
percent p.a.). The TFP growth of this industry is volatile but it was steady until 1990/91. Since then 
it has slowed (see, panel A in Figure 5). The input growth of this industry on the other hand, 
declined until 1988/89 and then picked up steadily20. A very high SD of 30.3 indicates that the 
output growth of this industry has been highly volatile (Table 4).
The outputs, inputs and TFP growth in the sheep industry are almost the same as those in 
the beef industry (Table 4). However, farms producing both the sheep and beef jointly (sheep-beef) 
have experienced a highly volatile growth in outputs, inputs and TFP indices. There are a few 
extreme data points in the input index21 which explain the highly volatile growth in the sheep-beef 
industry. Relatively less volatility is observed in the TFP growth in the sheep industry22 except that 
its output index increased sharply from 1995/96 to 1996/97 and then dropped sharply in 1997/98. 
One reason for this could be that the number of sheep sold for meat soared in 1996/97 due to 
declining wool prices.
19 The growth trends of outputs, inputs and TFP for individual industries are presented in Figure C2 of Appendix C.
20 See, panel A in Figure C2 of Appendix C.
21 See, panel D in Figure C2 of Appendix C.
22 See, panel B in Figure C2 of Appendix C.
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TABLE 4
AVERAGE ANNUAL GROWTH IN BROAD ACRE AGRICULTURAL 
INDUSTRIES IN WA, 1977/78 -1997/98
Outputs Inputs TFP













10.33 30.30 3.32 17.63 6.62 20.46
7.59 27.16 3.73 20.25 19.354.08
7.47 31.04 3.37 22.85 3.49 15.42
5.82 34.86 4.11 30.49 4.66 26.49
4.59 13.71 1.87 10.71 3.00 11.09
6.21 14.68 1.90 6.17 13.104.25
Note: See the note to Tables 2.
Based on the analysis above it is difficult to make an assessment as to why some industries 
have performed better than others. Also, it is difficult to ascertain which industry has contributed 
the most to the overall performance of WA broadacre agriculture. To ascertain such contributions, 
much more elaborate data23, and the application of more sophisticated methods than those used in 
this study are required. However, in the following section we have made an attempt to assess the 
factors contributing to the growth performance of the overall broadacre agriculture in WA.
23 Recently, Evenson et a/.(1999) have measured productivity growth in Indian agriculture and assessed the 
contribution by several sources to that growth. They have used the crops sector data that covers all Indian districts - 
a total of 271 - for the period 1956 to 1987 with a total of 8,672 observations.
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FIGURE 5
TFP IN WA AGRICULTURAL INDUSTRIES, 
1977/78-1997/98 (1977/78=100)
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4. FACTORS EXPLAINING PRODUCTIVITY GROWTH IN WA AGRICULTURE
Given the geo-climatic condition of a region, the productivity growth of its agriculture 
depends on a number of factors, ranging from technological changes to changes in market 
conditions (Evenson et al., 1999). Being constrained by the Umitations surrounding the available 
data described in Section 3, we have adopted the following simple approach to explain the sources 
of productivity growth in WA agriculture. To begin with, by examining the movement of the TFP 
index in Figure 2, we identified major changes in its trends. Secondly, based on these changes the 
total data period is segmented into a few sub-periods. For each of these sub-periods the TFP, input 
and output growth are calculated. Finally, by relating these to relevant historical events such as 
seasonal conditions, technological progresses,24 and market conditions in WA agriculture we made 
an attempt to explain the productivity growth in WA agriculture.
Growth by sub-periods4.1
If we refer back to Figure 2, it can be noticed that there were two major changes (sharp rise 
and fall) of the TFP index over the data period 1977/78 to 1997/98. The first sharp rise in the TFP 
took place in 1984/85 and then fell sharply in 1985/86. The second sharp rise took place in 1993/94 
and then fell sharply again in 1994/95. We also noticed that during these two periods of major 
changes the output index closely followed the movement of the TFP index. These breaks are 
marked by two vertical lines in Figure 2 and the total period is divided into three sub-periods. The 
first period is from 1977/78 to 1984/85, the second is from 1985/86 to 1993/94, and the third is 
from 1994/95 to 1997/98.25 Based on a review of historical events such as seasonal conditions, 
technological progress and market situation, compiled in Table D1 of Appendix D, we try to 
identify reasons for the rise and fall of the TFP index in those two years of peak productivity 
growth.
24 We have considered “R&D efforts’ as a proxy for technological progress. Changes in infrastructure, skills, and 
institutions also affect productivity growth. Being constrained by data limitations we are unable to analyse their 
contributions to the productivity growth in WA agriculture.
25 With respect to major technological/structural changes in WA agriculture, these periods roughly correspond to the 
periods associated with the introduction of lupins in 1981/82 and the wool stockpile accumulation in 1990/91, as 
pointed out by Ross Kingwell and Ian Wilkinson of Agriculture WA.
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Table D1 of Appendix D reveals that good seasonal conditions26 prevailed right from 
1980/81 to 1984/85. However, 1984/85 was an exceptionally good season with record levels of 
production. Similarly, in 1993/94 the seasonal conditions were also very good and a near record 
level of grain yields was achieved. The production of lupins for the first time exceeded one million 
tonnes and canola production nearly quadrupled from a low base. If we examine the seasonal 
conditions of the years 1985/86 and 1994/95 when the TFP index declined sharply, we find that 
there was low rainfall during those two years. This analysis perhaps suggests that the seasonal 
conditions might have been one of the main reasons for the sharp rise and fall in the total output 
growth and thereby affecting the TFP growth in WA agriculture. While changes in seasonal 
conditions to a large extent dictate the output trends, to a lesser extent they influence input trends. 
Productivity growth, measured residually by deducting input growth from the output growth, is 
therefore likely to follow the path of the output trends, unless technological factors also changed. In 
the next sub-section, we decompose the output growth by TFP and various input components to 
determine the net contribution of TFP to output growth.
4.2 A decomposition of output growth
Again, based on the two years of major changes discussed above, we divide the total 21 year 
period into three sub-periods: 1977/78 to 1984/85, 1985/86 to 1993/94 and 1994/95 to 1997/98. For 
each sub-period we decompose the total output growth into the growth of the TFP and three input 
components for further analysis.
Panel A in Figure 6 reveals that, over the whole 21 year period, the output growth of WA 
agriculture stemmed primarily from improvements in productivity growth. There is, however, an 
exception for the recent sub-period between 1994/95 to 1997/98 (see, panel D in Figure 6). In this 
period the growth in TFP and labour input is negative whereas rapid growth is achieved in capital, 
and materials & services inputs, with the peak occurring in the last two years (see. Table B3 of 
Appendix B). Compared to the first and second sub-periods the output growth (2.3 percent p.a.) is 
also low in this time segment. One explanation as to why the TFP growth is negative is that, as 
output growth did not keep pace with input growth during the period, productivity of in situ capital 
and materials & services declined. A similar view is maintained by the Productivity Commission 
(1999).
26 A ‘good seasonal condition’ can be described as a season with adequate rainfall and favourable weather conditions 
for the crops and livestock production and with no pest and disease outbreaks.
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An investigation into the seasonal conditions and R&D activities (see. Table D1 of 
Appendix D) reveals that during this last segment, the seasonal conditions varied from low rainfall 
to a more or less satisfactory condition. Although there were pest and disease outbreaks, the area of 
production under the newly released wheat, canola and pulse crops expanded rapidly. A significant 
number of new cultivars and cereal crop varieties were released. Moreover, the organisational 
structure and management of the Agriculture WA27 took a major turn to provide services to the WA 
agricultural sector.
FIGURE 6
CONTRIBUTIONS OF INPUTS AND TFP TO AVERAGE OUTPUT GROWTH IN WA 
BROAD ACRE AGRICULTURE, 1977/78 - 1997/98 
(percent p.a.)
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The above situation gives an indication that seasonal factors along with pest and disease 
outbreaks may have lowered the output growth in this period. On the other hand, the expansion of 
the production area, changes in the provision of agricultural services and the adoption of new
27 Agriculture WA is the state government agency which provides most of the R&D services to the agricultural sector 
in WA.
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technologies may have contributed to the relatively higher growth in capital, and materials & 
services inputs. As productivity is residually measured, the lower output growth and the higher 
input growth gave rise to a negative productivity growth in this period. This finding supports the 
earher explanation that, as output growth did not keep pace with the input (capital and materials & 
services) growth during the third sub-period, productivity declined.
As mentioned earher, the output growth in the first segment (1978/79 to 1984/85) was very 
high (9.0 percent p.a.) and the productivity growth at a rate of 7.2 percent p.a., was the major 
contributor to this growth (see, panel B in Figure 6). For this period. Table D1 of Appendix D 
reveals that after experiencing a severe seasonal condition until 1979/80, an extremely good 
seasonal condition prevailed until the end of this sub-period. Many new technologies (including 
‘minimum tillage’, release and the adoption of new wheat, oats and rapeseed varieties, a drop in 
livestock losses caused by annual rygrass toxicity disease, the provision of extension services 
through electronic media, soil conservation practices and so on) were introduced. It appears that 
despite the adverse seasonal conditions that prevailed during the early part of the segment, two 
main factors may be advanced to explain the high output and TFP growth in this period; the 
exceptionally favourable seasonal conditions in the later part of the period and the introduction and 
adoption of a significant number of new technologies.
During the second sub-period 1985/86 to 1993/94 (see, panel C in Figure 6), the 
contribution of the TFP growth (4.1 percent p.a.) to the output growth (5.8 percent p.a.) is also high 
compared to the growth in inputs. However, the outputs and TFP growth are smaller than those in 
the first sub-period. The capital growth declined in this period. Again, the historical events indicate 
that the seasonal conditions were mostly average. Grain growers faced financial difficulties because 
of low grain prices. Returns from wool declined and a rapidly accumulating wool stockpile 
culminated in the lowering of the reserve floor price and termination of the wool reserve proce 
scheme. Sheep numbers increased to an excessive level and live sheep exports to Middle Eastern 
countries declined. These had a significant effect on the production of sheep in WA and on the 
cash-flow of sheep farmers. There was also a major outbreak of pests and diseases. In spite of all 
these unfavourable circumstances, a significant amount of R&D efforts were devoted during this 
period which, to a large extent perhaps, offset the adverse effects on output and productivity 
growth. For example, the program to support the specialist wool growers was stepped up by 
directing resources to a production and diversification campaign to assist wool growers adopt more 
cost effective production techniques and to identify opportunities to diversify from wool production
27
to other forms of livestock and crop productions (see. Table D1 of Appendix D for more 
information).
The above analysis suggests that while the seasonal conditions played a major role in the 
fluctuations of the output growth, the productivity growth as a measure of technological progress, 
appears to have contributed significantly in maintaining a steady growth in WA agriculture. In the 
following sub-section we decompose the total output growth into the growth of six commodity 
components in order to identify reasons for variations in the contribution of these components to the 
total outputs in each sub-period.
4.3 The commodity composition of output growth
There is a general view among agricultural professionals that, in recent years a few new 
crop enterprises (such as pulses & oilseed crops) are contributing significantly to the total output 
and productivity growth in WA agriculture. To gain an understanding of the contribution made by 
traditional and new commodities to the total output growth and how their contribution varied over 
the 21 year period, we have decomposed the total output growth into the growth of six major 
commodity components. The same exercise is also performed by segmenting the data into three 
sub-periods as mentioned above. This analysis may give some indication of the effect of R&D 
efforts on the productivity growth of WA agriculture.
The results of the decomposed output growth are presented in Figure 7. The six output 
components are: cereals, pulses & oilseeds, sheep meat, beef, wool, and all other commodities 
which are not elsewhere cited (n.e.c.) (see, Appendix A for the composition of these output 
components).
Panel A of Figure 7 indicates that over the whole 21 period, cereals output contributed the 
most (62.0 percent) to total output growth. Pulses & oilseeds output contributed 13.0 percent and 
wool and sheep meat outputs jointly contributed 20.0 percent. In Panel B, for the first sub-period 
from 1978/79 to 1984/85, there was an absolute dominance by cereals output (74.0 percent) and the 
sheep meat and wool outputs jointly contributed 17.0 percent. Note that the contribution made by 
the pulses & oilseeds output was only two percent in this period. Relating these results to the 
historical events outlined in Table D1 of Appendix D, the R&D activities in this period are revealed 
as mainly cereals and sheep-wool oriented and the favourable seasonal conditions mainly benefited 
the cereal crops (i.e. mainly wheat). Given the share (about 50 percent) of the cereals industry in the
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GVAP of WA agriculture, a little variation in its area and production is likely to affect the size of 
the total output growth. This appears to have happened in the second sub-period.
FIGURE 7
CONTRIBUTION OF MAJOR COMMODITIES TO OUTPUT GROWTH 
IN WA AGRICULTURE, 1978/79 - 1997/98
1978/79 to 1997/98A. B. 1978/79 to 1984/85
C. 1985/86 to 1993/94 D. 1994/95 to 1997/98
Analysis of the second sub-period from 1985/86 to 1993/94 gives a totally different picture 
(see, panel C, Figure 7). The contribution of cereals output declined sharply, to 24.0 percent, while 
the share of pulses & oilseeds jumped to 22.0 percent and wool and sheep output together also 
increased to 34.0 percent. As mentioned earlier, some adverse seasonal and market conditions 
prevailed in this period. This situation perhaps resulted in relatively lower output growth. It appears 
that the adverse situation has mainly affected the growth of the cereals component (see, panel C of 
Figure 7).
29
An investigation into the area and production statistics28 of the cereal and pulses & oilseed 
crops indicates that during this second sub-period, the area under cereal crops declined by 1.8 
percent p.a. compared to 3.8 and 2.3 percent p.a. increases in the first and third sub-periods 
respectively. Increases in the production of cereals were also low (2.1 percent p.a.) in this period 
compared to the first (14.3 percent p.a.) and third (5.7 percent p.a.) periods.
While the area and production of the cereal crops declined, they increased by 9.0 and 14.1 
percent p.a. respectively for the pulses & oilseed crops in the second period. This has perhaps 
resulted in the increase of the relative share of the pulses & oilseed crops to the total output growth 
in this period. Historical events relate that the R&D activities in this period were mainly directed 
towards the production and marketing issues related to the pulses & oilseeds and the wool-sheep 
industries. Therefore, the increase in the share of pulses & oilseeds and wool-sheep output to the 
total output growth may be explained by an increase in the adoption of R&D technologies related to 
these industries. In other words, decline in the area under cereal crops in one hand and a 
technological boost to expand the pulses & oilseed crops on the other possibly have resulted in a 
decline in the share of cereals to the total output growth.
We have mentioned earher that the total output growth was the lowest (2.21 percent) during 
the last segment of the study period. Of this low output growth, the Panel D of Figure 7 indicates 
that the share of the cereal outputs has moved up again and reached to 54.0 percent while the share 
of the pulses & oilseeds outputs has dechned moderately from 22.0 to 14.0 percent. Increases in the 
area and production of the cereal crops seems to be the reason for the increase in the contribution of 
cereal outputs to the total output growth in this sub-period. Although the contribution of the pulses 
and oilseeds outputs has dechned to 14.0 percent, it is still much bigger than its share of 2.0 percent 
in the first sub-period.
The above analysis shows which component has contributed the most to the output growth, 
but it does not help to make a clear statement as to which commodity component has contributed 
the most to the productivity growth. Unless the productivity growth for each of the commodity 
components is measured we can not determine their relative contribution to the productivity growth 
in WA agriculture. Data limitations restricted us from doing this. Nevertheless, the above analysis 
seems to provide some indication that, seasonal influence aside, over the 21 period, the pulses and 
oilseed crops have been capturing progressively a bigger share in the total output growth and 
thereby contributing to the productivity growth. On the other hand, historical events suggest that the
28 Ian Wilkinson, Agriculture WA, South Perth, WA provided these statistics through personal correspondence.
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growth in the pulses and oilseed crops is the direct outcome of the R&D efforts in WA agriculture. 
Accordingly, this gives and indication that, besides the seasonal factors, the R&D efforts might 
have contributed the most to the productivity growth in WA agriculture.
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5. SUMMARY AND CONCLUSIONS
In this paper, we have measured the productivity growth performance of WA agriculture for 
the period 1977/78 to 1997/98. The ‘farm productivity’ database of ABARE (1999) is used. The 
growth of aggregated inputs, outputs, and total factor productivity (TFP) is estimated for WA and 
the other Australian states by applying the Tomqvist-Theil index approach. These growth are also 
estimated for WA broadacre agriculture split by climatic zones and by broad industries. Following 
this, the total output growth was decomposed into TFP and various input components. The total 
output growth was also decomposed into six major output components. Finally, based on an 
analysis of historical events such as seasonal change, technology transfer and adoption and market 
conditions, an attempt was made to find some explanation for the variations in the productivity 
growth in WA agriculture.
Some key results of the paper are Usted below:
• For the period analysed in this study, the aggregated outputs, inputs and TFP growth are 
estimated at 6.2, 1.9 and 4.2 percent respectively in WA broadacre agriculture. Inter-state 
comparisons of the growth in outputs and TFP reveal that in the rest of Australia (ROA), 
only South Australian agriculture, starting from a lower base experienced a higher rate of 
growth than WA agriculture.
• Among the climatic zones in WA, the wheat-sheep zone has the highest growth in inputs 
(2.4 percent p.a.), outputs (7.1 percent p.a.), and TFP 4.7 percent p.a.). The volatility in 
the movements of the input and output indices are less in this zone. This study reveals that 
the growth performance of WA broadacre agriculture is almost identical to that of the 
wheat-sheep zone.
• Among the broadly defined industry groups, the crop industry has the highest total output 
growth (10.3 percent p.a.) and TFP growth (6.6 percent p.a.). However, both the output 
and TFP growth rates are highly volatile.
• Our attempt to fmd explanations for the year-to-year fluctuations in agricultural growth 
reveals that seasonal conditions play a major role in WA agriculture. An investigation into 
relevant historical events suggests that seasonal influence aside, productivity growth
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appears to have responded positively to the transfer and adoption of a significant number 
of new technologies.
In conclusion, WA agriculture grew at a faster rate than the ROA states combined. This is 
particularly true for the recent decade. The present study did not have the scope to examine why 
WA agriculture grew faster. Further research may provide an understanding of the growth 
differences between WA and the ROA. Such knowledge would help develop strategic policies and 
allocate R&D funds in WA agriculture.
The crop output component had the largest share in the total output growth. This is mainly 
because of sheer size of the crop output. However, the study indicates that in recent years the output 
growth of new enterprises such as pulses & oilseeds has been faster, and their share in the total 
output growth has also increased significantly. It is likely that this outcome has been achieved 
largely as a result of the transfer and adoption of new production technologies.29 However, even 
though the contribution made by these new enterprises is increasing, the crop industry still remains 
the main contributor to output growth and, probably to productivity growth, in WA agriculture.
Finally, the descriptive approach we have used to explain the variation in productivity is 
mainly based on a review of the circumstances surrounding WA agriculture during the 21 year 
study period. It has been used to provide useful indicative information in explaining the 
productivity growth in WA agriculture. However from this approach, it is not possible to quantify 
the contribution of factors such as R&D expenditure to the productivity growth in agriculture. To 
quantify such contributions would require more elaborate data which are not readily available for 
WA agriculture. This could be a subject matter for future research related to productivity growth in 
WA agriculture.
29 The literature suggests that there is always a lag between the R&D investment and productivity growth (Evenson et 
ai, 1999; and Pardey and Craig, 1989). In some cases it takes a few decade to get the hill effect of R&D 
investment. However, it should be noted that in our analysis we have attempted to draw a relationship between 
productivity growth and the transfer and adoption of R&D innovations in hand, rather than drawing a relationship 
between productivity growth and R&D expenditure.
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APPENDIX A
COMPOSITION OF OUTPUTS AND INPUTS
Input and output variables
There are price and quantity variables for 12 outputs and 27 inputs in the data set. Where 
quantity variables were not available, AB ARE derived them by deflating the farm survey data with 
ABARE’s appropriate price-paid and price-received indexes (ABARE, 1995). The prices used are 
farm gate prices.
For the purpose of comparing productivity performance across Australian states, WA 
chmatic zones and commodity industries, these variables were grouped into one composite output 
and one composite input. The Tomqvist indexing procedure mentioned in Section 3 is used by 
developing a spreadsheet model using Microsoft Excel software. However, for the subsequent 
analysis for WA these composite output and input are decomposed into six output and three input 
groups.
The six output group are:
Cereals which include harvested amount of wheat, barley, oats, and sorghum crops.
Oilseeds which include harvested amount of pulses and oilseeds grains.
Other crops which includes all crops other than those mentioned in the cereals and oilseeds 
groups in the database30.
Meat which includes quantity of sales and positive operative gains of sheep, lamb, beef-cattle 
and other livestock animals. The quantity data is provided in index form. Implicit prices 
for these items were calculated by deflating their respective values with quantity 
indexes.
Wool which is measured in kilograms of wool shorn. The wool price is calculated by deflating 
the value of wool shorn by the quantity.
30 Except for other crops, quantities are measured in tonnes. The implicit prices for cereals, oilseeds and other crops 
were calculated by deflating the values by their respective quantities. For the other crops quantity data is provided in 
index form.
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Other farm income which is measured in index form and the implicit unit price is calculated by 
deflating the total farm receipt by the quantity index. In this study, this output group is 
labeled as ‘Agriculture n.e.c.’.
The three input groups are:
Capital which is broadly defined to include land, plant and machinery, structures and livestock. 
The value for land and livestock (beef-cattle and sheep) is the opportunity cost of 
investing funds in those capital items. These are calculated as the average capital value 
(that is, the average of opening and closing values) multiplied by a real interest rate. 
The values for the plant and the structure capitals are the opportunity costs plus 
depreciation.
For land, the expected values of land which partly reflects the future productivity gains 
are not included. The quantity variable used for land is the area operated. For beef- 
cattle and sheep, it is the average of opening and closing numbers. For building and 
plant capital, it is the average value of capital stock deflated by the respective prices 
paid indexes for each. Unit prices of each of the capital items are calculated by dividing 
the values by the respective quantities of each.
Labour which consists of four items - owner operator and family labour, hired labour, shearing 
costs, and stores and rations. The value of owner operator and family labour input is 
imputed using weeks worked and an award wage. The value of hired labour is wages 
paid, and the values of shearing and stores and rations are expenditure. The quantity 
variables for owner operator, and family and hired labour are weeks worked. 
Expenditure deflated by a shearing price paid index is the quantity variable for 
shearing.
Materials and services which include purchases and positive operating gains of sheep, beef 
cattle and other livestock animals; purchases or user costs of chemicals, livestock 
materials, fodder, fertilizer, seeds, fuel, and other materials; and motor vehicle sundry 
costs, rates and taxes, administrative costs, miscellaneous livestock costs, contracts, 
repairs, and other services. Quantities of these inputs are provided in index form in the 
data base. Unit prices for these inputs are calculated by deflating the total value by then- 
respective quantity indexes.
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Recent changes in the data series, 1977/78-1997/98
In the farm productivity data series for the period between 1977/78 and 1997/98 ABARE has 
made following changes in the measurement of variables as compared to the previous data series 
for 1977/78 to 1996/97 described in Islam (1999a).
• For inputs, a variable to account for insurance costs and returns was added31.
• For outputs, changes were made in the measurement of wool and crop outputs. In the 
previous data series the wool quantity variable was measured as the kilograms of wool sold 
and the net wool receipts as it value variable. As in some later years substantial amounts of 
wool were held on farms at the end of the financial year, the wool quantity variable in the 
new series is measured as the quantity of wool shorn and its value variable is measured by 
multiplying the shorn quantity with the average unit price for that year
• For crops, quantity harvested for oats was replaced by a quantity variable derived by 
deflating the value of oats with its price index. In addition, data for oilseeds for the full 21 
years are included in this series. Previously, in some cases there were zeroes for oilseeds in 
earlier years so it was added to other crop receipts. As in the later years with the big 
expansion in canola production there are quite significant dollar value occuring for this 
value in most states the oilseeds are therefore included as separate variable. For zeroes in 
the earlier years a vary small positive value was substituted to maintain a sensible price 
relationship between values and quantities.
• Some errors in the measurement of the ‘other variables’ were corrected. The value of this 
variable is now the ratio of returns to opening capita derived at the average farm level after 
weighting. Previously, the ratio was derived prior to weighting.
31 For this report this variable was ignored as at the disaggregated levels they are expected to produce occasional 
















OUTPUT, INPUT AND PRODUCTIVITY GROWTH IN 









































































































6.21 117.86 1.90 147.38
33.50
4.25




8.97 111.18 1.72 119.08
16.32
7.21




5.81 115.20 1.41 156.41
24.64
4.13




2.29 133.70 3.32 191.52
13.70
-0- '
SD 10.07 7.31 5.22 12.3
Note: SD refers to standard deviation.
38
TABLE B2
OUTPUT QUANTITY INDICES OF WA AGRICULTURE, 1977/78 TO 1997/98
Year Cereals Pulses & Sheep meat 
oilseeds
Beef Wool Others
1977/78 65.8 23.9 63.4 130.8 68.9 98.0
1978/79 100.9 27.9 91.9 150.1 81.8 73.6
1979/80 88.0 24.7 94.8 109.2 77.9 95.4
1980/81 73.2 33.0 85.4 105.6 87.4 73.2
1981/82 113.2 69.1 87.1 83.8 74.6 123.9
1982/83 127.6 61.3 85.8 81.5 80.1 111.3
1983/84 113.8 60.8 88.6 79.8 77.1 91.5
1984/85 173.4 36.1 94.6 79.6 88.2 110.0
1985/86 112.1 37.1 98.2 77.6 95.9 134.2
1986/87 140.8 91.1 108.1 81.1 109.0 101.0
1987/88 100.0 100.0 100.0 100.0 100.0 100.0
1988/89 131.6 104.9 114.7 103.8 115.6 108.5
1989/90 122.0 88.9 137.5 138.1 123.4 139.1
1990/91 133.5 93.3 83.1 112.8 128.4 140.5
1991/92 135.2 118.5 77.6 113.6 110.0 166.7
1992/93 178.7 144.0 96.5 153.5 126.6 160.8
1993/94 213.4 215.7 131.4 155.1 130.4 222.5
1994/95 169.1 213.2 135.7 151.1 112.6 246.2
1995/96 210.9 169.5 143.2 158.2 119.9 162.6
1996/97 241.9 251.0 148.5 120.6 100.6 243.3






10.09 19.33 4.58 2.67 2.56 8.54
26.97 43.54 18.84 18.34 11.36 27.06
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TABLE B3
INPUT QUANTITY INDICES OF WA AGRICULTURE, 1977/78 TO 1997/98
Year Capital Labour Materials & services
1977/78 91.68102.77 78.14
1978/79 111.16 101.16 89.63
1979/80 105.06104.86 84.20
1980/81 104.41 102.86 85.05
1981/82 121.33 103.74 96.26
1982/83 110.35 102.95 92.19
1983/84 115.91 101.96 96.01
111.161984/85 93.26 90.15
1985/86 108.87 95.88 81.33
1986/87 115.81 102.57 87.59
1987/88 100.00 100.00 100.00
106.101988/89 105.66 108.05
1989/90 103.10 109.14 107.15
105.381990/91 105.53 84.15
1991/92 102.17 102.03 89.55
1992/93 101.54 100.72 104.93
1993/94 103.60 103.69 112.55
1994/95 110.10 101.25 125.01
1995/96 107.28 99.55 122.90
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4.04 101.99 0.67Mean 129.05
21.77
3.64




104.10 -0.50 5.67Mean 112.07











5.22 104.66Mean 3.13 151.96
21.25
1.76
31.41 5.84SD 2.41 29.16
Note: SD refers to standard deviation.
41
TABLE B5
GROWTH IN OUTPUT, INPUT AND PRODUCTIVITY OF 


























































































































2.09 90.94 -0.13 121.93
16.14
1.71
SD 19.38 9.24 12.23 10.44
1977/78 to 1984/85
96.27Mean 102.57 1.50 -1.05 1.75107.20
24.86 11.89 18.35 6.72SD 15.73 4.99
1985/86 to 1993/94











Note: SD refers to standard deviation.
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TABLE B6
GROWTH IN OUTPUT, INPUT AND PRODUCTIVITY OF 






























































































































7.25 103.31 0.80 6.49179.13


















3.40 109.66Mean 1.48 215.83
27.09
1.89
26.87SD 4.83 5.25 26.74
Note: SD refers to standard deviation.
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TABLE B7
GROWTH IN OUTPUT, INPUT AND PRODUCTIVITY OF 






























































































































4.18 106.65 0.82 119.96
22.42
3.79




4.69 101.63 0.89 99.61
14.82
4.48
SD 26.81 4.95 8.36 28.94
1985/86 to 1993/94
4.64Mean 135.09 107.36 0.93 125.66
12.56
3.74




113.85Mean 2.24 0.44 145.36
18.20
2.68
15.63SD 3.80 5.79 20.96
Note: SD refers to standard deviation.
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TABLE B8
GROWTH IN OUTPUT, INPUT AND PRODUCTIVITY OF 






























































































































4.18 122.15 1.40 115.86
20.04
3.16




8.34 118.86 5.07 100.98
13.58
3.90
SD 21.92 13.29 11.05 22.44
1985/86 to 1993/94
Mean 147.43 -0.36 126.88 -1.04 116.39 0.76




7.14 121.12 0.46 138.64
21.16
7.26
SD 9.98 4.11 7.05 14.73
Note: SD refers to standard deviation.
45
TABLE B9
GROWTH IN OUTPUT, INPUT AND PRODUCTIVITY OF 







































































































4.19 110.91 1.01 128.41
22.52
3.27




5.41 107.28 1.34 108.32 4.21




3.57 110.67 0.48 133.81
12.22
3.04




3.48 117.43 1.60 156.12
15.92
2.14
SD 15.52 2.68 2.27 17.59
Note: SD refers to standard deviation.
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TABLE BIO
COMPONENTS OF OUTPUT GROWTH IN WA AGRICULTURE, 1978/79 - 1997/98
(percent)
YEAR Cereals Pulses & 
oilseeds























20.90 0.44 6.04 2.06 4.50 -1.53 32.42
-5.69 -0.31 0.51 -4.32 -0.96 0.96 -9.82
-7.28 0.79 -1.74 -0.42 2.84 -1.05 -6.86
20.14 3.34 0.31 -2.12 -3.70 2.32 20.29
6.32 -0.63 -0.20 -0.20 1.47 -0.50 6.25









0.26 0.41 -0.20 2.27 0.98
4.10 1.02 0.38 4.46 -1.38
0.29 -0.76 1.68 -3.14 -0.04
9.87 0.28 1.41 0.30 6.36 0.33 18.55
-2.46 -0.82 1.60 2.46 2.59 1.01 4.37
1.51 0.13 -1.56 -1.18 0.88 0.03 -0.19
0.49 1.68 -0.30 0.08 -5.36 0.97 -2.45
15.11 1.61 1.19 3.67 3.67 -0.25 25.02
17.60
-12.23
9.22 3.82 2.10 0.12 0.64 1.69
-9.76 -0.11 0.24 -0.27 -3.10 0.77
12.10 -2.18 0.39 0.42 1.40 -3.08 9.06
7.59 3.69 0.37 -1.66 -2.81 1.96 9.13
1.41 1.44 -2.40 1.86 0.09 0.79 3.19
1977/79 to 1997/98
Mean 3.89 0.79 0.49 0.12 0.72 0.20 6.21
SD 11.85 1.81 1.73 1.75 3.16 1.31 14.68
1977/79 to 1984/85
Mean 7.67 0.24 0.86 -0.74 0.92 0.02 8.97
SD 14.18 1.63 2.43 1.99 2.86 1.36 17.73
1985/86 to 1993/94
Mean 1.42 1.26 0.57 0.81 1.38 0.37 5.81
SD 11.37 1.71 1.21 1.50 3.68 0.91 14.95
1994/95 to 1997/98
Mean 2.83 0.71 -0.35 0.09 -1.10 0.11 2.29
SD 9.47 2.48 1.37 1.47 2.21 2.20 10.07
Note: SD refers to standard deviation.
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TABLE Bll
COMPONENTS OF INPUT GROWTH IN WA AGRICULTURE, 1978/79 - 1997/98
(percent)























2.12 2.51 7.30 11.94
-1.53 0.88 -3.34 -3.99
-0.12 -0.45 0.75 0.18
5.74 0.16 6.01 11.91
-3.48 -0.13 -1.72 -5.33
1.83 -0.18 1.89 3.54
-1.61 -1.47 -2.76 -5.84
-0.87 0.48 -4.10 -4.49
2.42 1.33 3.39 7.14
-3.73 -0.41 5.59 1.45
1.96 1.04 3.99 6.99
-0.98 0.60 -0.41 -0.80
0.76 -0.68 -10.31 -10.23
-1.02 -0.70 2.62 0.90
-0.20 7.66-0.27 7.19
0.63 0.58 3.49 4.70
1.86 -0.45 7.37 8.78
-0.75 -0.30 -2.52 -3.57
1.75 0.53 6.23 8.50
0.42 0.02 -0.76 -0.32
1978/79 to 1997/98
0.26 0.15Mean 1.52 1.93
2.19 0.88 6.34SD 4.75
1978/79 to 1984/85








Note: SD refers to standard deviation.
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TABLE B12
INPUT, OUTPUT AND TFP GROWTH IN WA AGRICULTURE, 
1978/79 - 1997/98, (percent)





























































Mean 1.77 8.97 7.20
SD 7.67 17.73 16.16
1985/86 to 1993/94
Mean 1.43 5.81 4.39
5.95SD 14.95 11.54
1994/95 to 1997/98
Mean 3.35 2.29 -1.06
SD 6.25 10.07 14.25
Note: SD refers to standard deviation.
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FIGURE Cl
AGRICULTURAL OUTPUTS, INPUTS AND TFP GROWTH 
IN WA CLIMATIC ZONES, 1977/78-1997/98 (1987/88=100)
A. All Broadacre B. Wheat-sheep Zone
C. High Rainfall Zone
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FIGURE C2





















HISTORICAL EVENTS SURROUNDING WA AGRICULTURE
In Table Dl, an overview of circumstances surrounding growth Western Australian agriculture over 
the period 1976/77 to 1997/ 98, is outlined. The Annual Reports (various issues from 1977 to 1998) 
of Agriculture WA are the main sources of information.
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TABLE D1
AN OVERVIEW OF CIRCUMSTANCE SURROUNDING WA AGRICULTURE, 1976/77 TO 1997/98
Year Seasonal and unfavourable events Technological and favourable events
19976/77 • Drought year; • Growth in demand for livestock products in the Middle East;
• Yield declined: wheat - 21%, sheep and lamb - 10% and beef- 
cattle - 5%; and
• Production declined; lupins - 75% and wool - 9%.
• Release of a rust resistant variety of oats; and
• The release of two new cultivars of subterranean clover.
1977/78 • Severe seasonal conditions (drought, hail storm, fire and 
cyclones);
• Due to successful extension activities undertaken by the WA 
Agriculture Department there was a dramatic drop in livestock 
losses caused by annual ryegrass toxicity disease;
• The area affected by drought was greater than in 1976/77;
• Release and acceptance of ‘Tincurrin’ - the new soft wheat 
variety;• Crop losses increased further due to torrential rain and storms in 
eastern and south-eastern districts;
• Release of ‘Moore’ - a new variety of oats; and
• Further damage in February due to hail, wind and flood damage in
the South-west and heavy rain and floods in the Eastern wheat-belt • Release of ‘Wesreo’ - a new variety of rapeseed. 
affected about 300 farmers; and
• Further damage caused by fire, wind and rain associated with 
cyclone Alby.
(continued on next page)
TABLE D1 (continued)
Seasonal and unfavourable events Technological and favourable eventsYear
1978/79 • Drought conditions continued; • Overall, the wheat yield was slightly better than average this year.
• A total of 169 farmers were drought affected. Farmers in affected 
areas suffered greatly due to reduced crop yield, and in subsequent 
severely depleted incomes and were forced to sell livestock; and
• Sheep population in the Northeastern wheat-belt declined 
dramatically.
1979/80 • Situation improved slightly compared to last year. • Nothing remarkable.
1980/81 • A good seasonal year. • A good winter rain and a record sowing of about six million 
hectares under wheat;
• A record number of five new wheat varieties were registered; and
• A new variety of feed barley, "Forrest"', was released.
1981/82 • The good season continued. • A significant breakthrough occurred in research into animal 
disease;
• Five wheat varieties registered last year were released; and
• New herbicides and ‘minimum tillage’ technologies introduced.
(continued on next page)
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TABLE D1 (continued)
Seasonal and unfavourable events Technological and favourable eventsYear
1982/83 • The good season continued. WA farmers sowed a record area to grains and produced more 
than seven million tonnes of grains, including wheat. This 
provided more than 60% of the national wheat crop as the Eastern 
states suffered from drought this year;
The Dry Land Research Institute at Merredin opened;
Farmers adopted ‘minimum tillage’ technology; and
Several other technological innovations took place in the area of 
crop breeding, and were adopted.
1983/84 • Good season continued. Introduction of the provision of extension services through 
electronic media and printed publications;
An interest in soil conservation was a major landmark in the year’s 
activities;
The Agriculture Department assumed the management 
responsibility for 17 million hectares of land cleared for 
agriculture and 90 million hectares of pastoral land;
Major research on the problem of soil acidity undertaken;
Research directed at cash-crop rotation commenced on lupins and 
field peas and continued on pasture legumes;
(continued on next page)
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TABLE D1 (continued)
Seasonal and unfavourable events Technological and favourable eventsYear
1983/84 Breakthroughs occurred in sheep lice research, food technology 
adapting meat products for export, and making better use of 
animal skins; and(continued)
A major drive occurred in the program aimed at eradicating bovine 
tuberculosis from WA.
1984/85 • Good season continued; It was a productive season on record;
• High real interest was charged to farmers on borrowing, product 
cost increased fast and output prices were low; and
The minimum tillage techniques for crop production were firmly 
entrenched in WA; and
• High cost and falling farm value led to reduced equity. Development of a modified seeding machine which combines the 
one pass advantage and reduced surface disturbance of minimum 
tillage, with enough soil disturbance to promote vigorous early 
growth.
1985/86 Sheep lice eradication program intensified.• Average season.
(continued on next page)
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TABLE D1 (continued)
Seasonal and unfavourable eventsYear Technological and favourable events
1986/87 • Good season; and • Prices for wool and beef were good and there was a fall in 
production costs;
• Grain growers faced financial difficulties because of low grain 
prices. • New farm management practices were introduced; and
• New extension initiative was undertaken to bring into use by 
farmers all the available technological information in the 
possession of the Department of Agriculture as quickly as 
possible.
1987/88 • Good season; • Market prospects and prices in general were favourable;
• Pesticide residues were found in beef; and • The world market price increased moderately;
• GVAP declined by 12 percent. • The wool market reaped the benefit from the recovery of wool 
price;
• Lamb prices recovered strongly; and
• Farm cost pressures eased due to the decline in interest rates and 
the relatively small increases in fuel costs and wage rates.
1988/89 • Nothing remarkable.• Average season.
(continued on next page)
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TABLE D1 (continued)
Seasonal and unfavourable eventsYear Technological and favourable events
1989/90 Average season; • Grain prices increased slightly.
Returns from wool declined and in June the rapidly accumulating 
wool stockpile culminated in the lowering of the reserve floor 
price;
Sheep numbers increased to excessive levels, and live sheep 
exports to the Middle East declined. These had significant effects 
on the turn-off of sheep in WA, and on sheep farmer's cash flow;
and
There was major outbreak of a number of pests and diseases. 
Qeensland Fruit Fly, Footrot disease, Australian Plague Locust 
and Apple Scabe are a few examples.
1990/91 Falling grain and wool prices in the second half of 1990 
foreshadowed major cash flow problems for farmers in 1991 and 
beyond;
• The WA Government provided a guarantee on the price of wheat;
• The release of ‘Red Globe,’ a superior variety of table grape and 
‘Pinky Lady’, a new variety of apple;
The flock reduction scheme, the proposal for wool quotas, and
finally the termination of the Reserve Price Scheme, together with • The development of Sustainable Farming Systems was 
falling demand and the wool stockpile overhanging the market, 
produced the most difficult time that most woolgrowers have ever 
experienced;
established; and
• New varieties of oats and lupines were released.
(continued on next page)
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TABLE D1 (continued)
Seasonal and unfavourable events Technological and favourable eventsYear
1990/91 • This coincided with falling grain prices as the subsidy war
between the EC and the USA continued to depress world markets;(continued)
• Financial returns from the live sheep trade to the Middle East 
remained depressed; and
• Outbreaks of pests continued.
1991/92 • The season was satisfactory; and • Wool and grain prices improved;
• Number of sheep and wool production declined slightly since the 
wool price crash.
• The recovery of wheat prices in the later part of 1991 removed the 
need for the price support guaranteed by the WA Government;
• ‘Merit’ a new lupin variety, ‘Narendra’ a new canola variety, and 
‘Yilgam’ an oats variety for drier areas were released; and
• The Agricultural Department's research innovation in sheepskin 
processing, Department in sheep skin processing was 
commercially adopted.
1992/93 • Generally good seasonal conditions; and • The Agriculture Department stepped up its support for specialist 
wool growers by directing resources to a production and 
diversification campaign aimed at assisting wool growers to adopt 
more cost effective production techniques, and to identify 
opportunities to diversify from wool production to other forms of 
livestock production, and cropping;
• Wool prices continued to fall and for most producers, the returns 
from wool were below the cost of production; and
(continued on next page)
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TABLE D1 (continued)
Seasonal and unfavourable events Technological and favourable eventsYear
1992/93 • Specialist wool producers, particularly in pastoral areas were 
under severe financial stress.
• The beef industry in north benefited from the improved 
productivity resulting from genetic improvement and better 
management practices;(continued)
• Beef production from tagasaste significantly increased in the 
south;
• The "Cadoux" variety (with a number of improved characteristics 
over existing varieties) of noodle wheat, intended for export to 
Japan, was released; and
• The area under canola and production of canola continued to 
expand.
• Generally good season throughout WA; and1993/94 • The outbreak of the fatal livestock disease ‘anthrax’ was quickly 
controlled;
• The first year of the occurrence of the fatal livestock disease 
‘anthrax’ in WA. • The outcome of the Uruguay round of the General Agreement on 
Tariffs and Trade was considered to have progressively improved 
market access internationally;
• The market indicator climbed from its nadir early in 1993 and 
continued to make steady gains; providing the basis for a return to 
probability in the wool industry;
• Grain yields were at near record levels;
(continued on next page)
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TABLE D1 (continued)
Seasonal and unfavourable eventsYear Technological and favourable events
1993/94 The production of lupins for the first time exceeded 1 million 
tonnes and canola production nearly quadrupled from a low base 
to 44,000 tonnes; and
(continued)
The release of a number of new pasture legumes, grains and fruit 
varieties were released.
1994/95 • Rainfall during the crop growing season was low. The season was notable for the production of an average of wheat 
grain (around 5.1 million tonnes) in a year of unusually low 
growing season rainfall;
Of particular significance was the quality of wheat crop;
A higher percentage of the crop was received into hard, noodle 
and high protein ASW segregations compared with the previous 
three years;
The GVAP for wool, canola and oats improved significantly;
Four new cereal varieties were released;
The Cadoux, released in 1992, continued to confirm its value to 
the industry as a high yielding wheat to produce white salted 
noodles;
(continued on next page)
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TABLE D1 (continued)
Seasonal and unfavourable events Technological and favourable eventsYear
1994/95 • Rapid adoption by growers led to the Cadoux variety being grown 
on 16% of the wheat area; and
(continued)
• The organisational structure and the management of the
Department took a major turn to provide services to the sector.
1995/96 • Average seasonal conditions. • The new cultivar ‘Cadiz’, belonging the pasture species ‘pink 
serradella’ was released; and
• The ‘Mundah’, a new barley variety was released.
1996/97 • Satisfactory seasonal conditions throughout. • Exceptional yields continued in the cereals sector; and
• Expansion in the production area and improvements in the yields 
of canola and the new pulse crops.
• Satisfactory seasonal conditions throughout.1997/98 • In nominal terms the GVAP reached to an estimated $4.3 billion 
from $3.1 billion in 1992/93;
• Nine new cereal crop varieties were released;
• The Grain Marketing Bill, 1997, was drafted and presented to 
State Parliament; and
• ‘TopCrop’ continued to develop as the mechanism for promoting 
best practice grain farming systems to farmers.
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ABSTRACT
Growth in Agriculture is vital for improving the economic well-being of the rural 
and country areas in Western Australia (WA). Moreover, it also boosts the growth in 
non-agricultural sectors, mostly located in urban areas, through inter-sectoral 
linkages. This paper develops and employs an economy-wide model for WA (called 
WAG) to analyse quantitatively the direct and indirect effects of agricultural growth 
in WA. A methodology is developed to distinguish the economy-wide effects of 
agricultural output growth by source — input growth and productivity growth. The 
WAG results show that:
Between 1977/78 and 1997/98, WA broadacre agricultural grew at an 
average annual rate of over 6 percent. We consider this the typical-year 
output growth of the sector.
This growth in broadacre agriculture causes WA’s real GSP to grow by 
about .5 percent. The direct effect of this growth on GSP is about .2 
percent. The remaining .3 percent is the indirect contribution of the sector. 
In other words, the indirect effect of agricultural growth is .3 -5- .2 = 1.5 
times the direct effect.
Sectors with strong linkages to agriculture benefit the most from the 
expansion of the sector. In particular, the sector “services to agriculture” 
benefits the most with a growth of over two percent, followed by “trade & 
transport services”.
The decomposition analysis indicates that the overall contributions of 
agricultural productivity growth are substantial. About 40 percent of the .5 
percent GSP growth mentioned above is derived from agricultural 
productivity growth. Input growth accounts for the remaining 60 percent.
Productivity growth in agriculture leads to a substantial increase in farmers’ 
income. It helps reduce the costs of production as well as the supply prices 
of agricultural outputs. This in turn induces an increase in the demand for 
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1. INTRODUCTION
Agriculture remains an essential component of the economy of the State of Western 
Australia (WA) as well as of the Australian national economy. For more than a 
century and a half the sector, in addition to providing the bulk of the basic domestic 
needs for food and fibre, was the mainstay of WA’s and Australian exports. 
However, as the national and State economies have grown over the years, their 
structure has undergone changes characterising a decline in the relative importance of 
the agricultural sector (in terms of “direct” contributions). The changes in factor 
endowments, technology, relative commodity prices and consumer demands inter alia 
contributed to this process. Until the Second World War agriculture, with wool as a 
major export, remained the outstanding sector of both the WA and national 
economies. From the late nineteenth century until the Great Depression of the 1930s, 
the sector accounted for more than 50 percent of the gross domestic product (GDP) of 
Australia (Scott, 1981). In WA, until the early 1930s agriculture was at least as big as 
manufacturing and a lot bigger than mining (predominantly gold and coal) (ABS, 
1998). Subsequently, the contributions of agriculture relative to other sectors have 
diminished both nationally and in WA (see, e.g., ABS, 1998, Johnston and 
Girdlestone, 1983, and Productivity Commission, 1999). 
manufacturing and mining during and following the Second World War and more 
recently the marked growth in the services sector have accompanied the relative 
decline of agriculture’s share in WA’s gross state product (GSP) and Australian GDP. 
Nonetheless, the sector is still growing, though by less vis-a-vis other sectors, and still 
makes significant contributions to both the State and national economies.
The growth of
This paper deals with the issue of the contribution made by agriculture to the 
economy of WA. It aims to quantify the broader (direct plus indirect) contributions of 
agriculture to the State economy of WA. Often the indirect contributions flowing 
through the linkages in production, trade and consumption are complex and may not 
be obvious, so that the broader contributions of the sector could easily be 
Accordingly, for a comprehensive account of the sector’s 
contributions to the economy, a proper account of the wide-ranging linkages of the 
agricultural sector with the rest of the economy should be taken. The paper introduces
underestimated.
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an economy-wide model for WA, which captures the unique features of the State 
economy. This model is used to estimate the effects of the historical growth of 
agriculture on the performance and structure of the economy. Motivated by the 
growing importance of productivity growth, this paper also develops a methodology 
to decompose the total effects of agricultural growth into those attributable to 
agricultural productivity growth and input growth. Such a decomposition analysis 
will contribute to a better understanding of the economics of agricultural productivity 
growth.
The paper proceeds to present an overview of the key characteristics of WA 
agriculture in Section 2. It reviews the growth performance of WA agriculture in the 
past two decades in Section 3; analyses the broader effects of the sector’s average 
growth p.a. over the period, and decomposes the effects by sources of agricultural 
growth in Section 5. To be self-contained. Section 4 of the paper presents an 
overview of the economy-wide model of the WA economy that is used to simulate the 
broader effects of agricultural growth. Section 6 concludes the paper.
2. KEY CHARACTERISTICS OF WA AGRICULTURE
Agriculture’s direct contributions to the WA economy in recent years can be readily 
understood from its shares in the State’s GSP, employment and exports as presented 
in Table 2.1.1 In the first half of the 1990s, the sector accounted for about 5 percent of 
WA’s GSP, 17 percent of the State’s overseas exports and 6 percent of the total 
employment (column 2). It grew at a rate of about 6 percent p.a. in this period (Islam, 
forthcoming), contributing about 6 percent to the growth of WA’s GSP.
In its State Accounts (Catalogue No. 5220.0), the ABS includes forestry, logging and fishing with 
agriculture. While in the remaining sections of this paper agriculture is treated separately from 
forestry, logging and fishing, throughout this section the ABS’ broad definition of agriculture is 
used because of the lack of data. Since forestry, logging and fishing constitute only a small part of 
the ABS broader sector, the discussion on the role of agriculture based on the ABS statistics for 
broader sectors remains largely valid.
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TABLE 2.1
iWA AGRICULTURE IN THE STATE AND NATIONAL ECONOMIES
(Percent)
Item Share in the 
WA economy










1. The data are averages over five years to 1995/96.
2. The column represents WA agriculture’s share in the 
national agriculture sector; e.g., for the “value-added” 
row, it shows WA agriculture’s share in value-added of 
the national agriculture sector.
Notes:
Source: Islam (1999).
Agriculture is one of the few sectors in WA whose contributions to the national 
counterparts far exceed the State’s average. More specifically, WA comprises about 
10 percent of the national GDP, but it’s agriculture accounts for about 15 percent of 
the national agricultural output (column 3 of Table 2.1). WA’s agricultural exports 
account for over 16 percent of the national agricultural exports. Figure 2.1 
demonstrates that the economic structure of WA is different from that of all other
States combined. While the difference can be attributed largely to the significantly 
larger role of mining in WA than in other States, the relatively large contribution of 
agriculture to WA is noticeable. Agriculture’s contribution to WA is larger than the 
national average of 3 percent. In mainland Australia, only South Australia 
agriculture’s GSP-share is greater, albeit marginally, than WA’s.
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FIGURE 2.1
DIFFERENCES IN SECTORAL OUTPUT SHARES, 
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A positive difference implies that the sector’s share in WA’s GSP is 
larger than its share in the rest of Australia’s GDP. The data are 
averages over the six years ending 1995/96.
Note:
Source: Ahammad and Greig (2000).
The Broader Contribution of Agriculture
Despite the respectable average annual growth of the sector in the 1990s, agriculture’s 
relative decline in WA is evident in recent years. The sector accounted for over 9 
percent of WA’s GSP in 1984 and by 1998 its share had reduced to below 5 percent 
(ABS, various issues). Nevertheless, this historical decline of agriculture’s relative 
share in the WA economy does not necessarily imply that the overall economic 
significance of the sector is diminishing as well. As the sector itself is growing, so are 
its absolute contributions to the economy. Beyond the direct contributions of the 
sector, one also has to take into account its contributions to the growth of the light 
manufacturing devoted to processing agricultural produce and further value-adding as 
well as its contribution to the growth of the transport and marketing sectors. 
Similarly, one also has to consider agriculture’s backward linkages through which it 
contributes to the growth of those sectors that service farm activities. For example.
4
the fertiliser, chemical, machinery industries and various services to the agricultural 
sector also benefit from expansion in agriculture. These indirect contributions need to 
be captured by tracking down the economy-wide linkages of agriculture. As already 
discussed, agriculture still directly accounts for a sizeable share of the WA economy. 
Given the size of the sector, its indirect contributions to the State economy are likely 
to be substantial.
Agriculture and Regional Development
One distinguishing feature of agriculture is its regional dimensions. The economic 
wellbeing of the rural communities and living standards of farmers are intimately tied 
with the state of the health of agriculture. Agriculture continues to underpin regional 
WA. The sector, given its size, is likely to play a significant role in rural and regional 
economies of WA. Analysis of the performance of agriculture and its broader impacts 
on the economy is therefore important, as it will shed light into aspects of WA’s 
regional economic development.
The study is undertaken at a time when there is a surge of public interests in rural 
and regional development in Australia (e.g., Chaney, 1999, and Productivity 
Commission, 1999). From the viewpoint of pure positive economics one may argue 
that, in the absence of distortions, it does not really matter where an economic activity 
takes place — in rural or metropolitan areas. More specifically, a $100 million worth 
of value-added produced either by agriculture or manufacturing would be equivalent 
in the absence of policy distortions (e.g., subsidies) and externalities. However, 
distortions of some sort are a fact of life. Of particular importance are the immobile 
factors at the regional level associated with, for example, the illiquidity of the real 
estate assets and the pursuance of a rural way of living (Clements, 1999). Hence, in 
Australia the interests in regional development, and for that matter agriculture’s role 
in regional development, are likely to prevail in the presence of policy distortions and 
immobile factors.
5
Intense Competition, Declining Terms of Trade and the Need for Productivity Growth
Agriculture is highly export orientated in both WA and the rest of Australia (Table 
2.2), and is therefore exposed to intense international competition. The high export-
TABLE 2.2
EXPORT ORIENTATION OF AGRICULTURE, 
WA AND THE REST OF AUSTRALIA i
Item WA Rest of Australia
(1) (2) (3)
Exports (Smillion)




Export orientation2 73.4 71.3
Notes: 1. The data are averages over five years to 1995/96.
2. Defined in terms of exports as percentage of gross value of 
agricultural production.
Source: Islam (1999).
orientation of WA agriculture is largely due to its distinctive economic structure 
The two major Australian agricultural exports namely grains 
(predominantly wheat) and wool dominate WA agriculture, followed by the other 
principal Australian export namely sheep meat. Between 1992/93 and 1996/97, WA’s 
share in the national production for these commodities ranged from 23 to 33 percent. 
The significance of the distinct production structure and the associated large export 
orientation of WA agriculture is that the changing circumstances in the world 




STRUCTURE OF AGRICULTURAL PRODUCTION: 
WA AND THE REST OF AUSTRALIA i
(Percent)
Share of gross value of 
agricultural production




0) (2) (3) (4)
Grains
Cereals






Sheep and lambs 





Wool 17 10 24
Dairy 3 12 5
Horticulture 9 17 9
Other 4 15 4
Total 100 100 15
Notes: 1. The data are averages over five years to 1996/97.
2. WA accounts for about 10 percent of the national GDP.
Source: Islam (1999).
Farmers take the prices for their produce set in world markets (Chisholm, 1992). 
While the nominal world prices of primary commodities have been exhibiting rising 
trends over the years, there has been a declining trend in prices relative to those of
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manufactured goods (Figure 2.2). Most available estimates show a little or one-off 
impact of the Uruguay Round Agreement on the price trends (see, e.g., Ingco, 1997).2
FIGURE 2.2
TRENDS IN PRICE OF WHEAT RELATIVE 
TO INDUTRIAL COUNTRIES’ EXPORTS







S’ # # / ^ i
Year
Source: Warr and Ahammad (1996).
While WA farmers are price-takers on world markets, they have to perform 
within the bounds of domestic policy regimes. An alarming aspect of farm activities 
is that agricultural producers are confronting an intensified “cost-price squeeze” as 
output prices (in absolute terms) tend to rise more slowly than prices paid for inputs. 
This is evident from the farmers’ declining terms of trade for WA over the last two 
decades shown in Figure 2.3. The terms of trade confronting WA agricultural 
producers have been declining, albeit with some notable fluctuations, at an alarming 
rate of 3.7 percent p.a. It should be noted that the analysis above represents the WA 
agricultural sector as a whole and may not necessarily apply to individual agricultural 
outputs or industries.
2 It is too early to predict the outcome of the next round of multilateral trade negotiations under the 
auspices of the WTO.
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FIGURE 2.3
FARMERS’ TERMS OF TRADE: RATIO OF OUTPUT 
PRICES RECEIVED TO INPUT PRICES PAID, 1977/78 - 1997/98




Input prices = 6.05 
Output prices = 2.35 
Terms of trade = -3.69
Farmer's terms of trade (tot)












One way to stimulate and sustain agricultural growth in the face of intensified 
competition and declining terms of trade is through technical progress and 
productivity growth. In the past, to cope with the above challenges producers used to 
receive government assistance in the forms of price supports, input subsidies, tax 
concessions, export promotion subsidies and concessional interest rates, etc. In recent 
years, due to the National Competition Policy and other related reforms, farmers are 
confronted with changing economic circumstances. While there may be net beneficial 
impacts of such reforms on the economy (see, e.g., Productivity Commission, 1999), 
under a more competitive environment the importance of productivity growth in 
agriculture for its survival and growth has become ever more obvious.
The following sections are devoted to analysing the growth trends of WA 
agriculture over the last two decades and then quantifying the economy-wide impacts 
of the historical growth. In this regard, the contributions of agricultural productivity 
growth are also quantified and analysed.
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3. THE NATURE AND EXTENT OF GROWTH 
IN WA AGRICULTURE
Figure 3.1 presents production indices for WA broadacre agriculture together 
with those of five broad agricultural commodities namely. Sheep meat, Wool, Grains, 
Beef & other meat and Agriculture n.e.c. These indiced are constructed by applying 
Divisia methods to the ‘farm productivity data’ for Western Australia made available 
by the Australian Bureau of Agricultural and Resource Economics (ABARE, 1999), 
and represent real growth net of the inflationary effects. Column 3 of Table 3.1 
presents the underlying average rates of production growth for the period extending 
from 1977/78 to 1997/98. As can be seen, the overall production of agriculture grew 
at an average rate of over six percent p.a. between 1977/78 to 1997/98. However, this 
growth was uneven both across the commodities and over time. Grains production 
recorded the fastest growth with an average rate of over 10 percent p.a., reflecting 
primarily the surge in wheat production. Throughout the period, there has been very 
high variability in growth for all five broad commodities, with Grains being the most 
volatile.
To evaluate the more recent growth performance of WA agriculture, column 2 of 
Table 3.1 presents the average growth rates for the period 1992/93 to 1997/98. On 
average, as can be seen from the table, the growth performance of the individual 
commodity groups in recent years is not significantly different from the trends over 
the whole period under review. The only exception is Wool. Wool production has 
actually declined in the 1990s, due to the recent slump in the world markets, as 
against a 2.6 percent growth p.a. for the period since 1977. Nevertheless, WA 
broadacre agriculture has recorded a growth of over five percent p.a. in the 1990s. 
While the direct contribution to the whole economy of such growth in agriculture is 
readily understood, its indirect contribution, which operates through inter-industry 
linkages, input markets, government revenue and expenditure, etc., is not visible to 
the naked eye. The next section introduces a new economy-wide model for WA that 
incorporates the above linkages in some detail. In Section 5, the model is used to 
estimate the broader contributions of agriculture to the economy.
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FIGURE 3.1
PRODUCTION TRENDS OF BROAD ACRE AGRICULTURAL 
COMMODITIES IN WA, 1977/78 - 1997/98
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ESTIMATES OF TYPICAL-YEAR GROWTH RATES 


















Broadacre agriculture3 5.35 6.21
1. The growth rates are estimated using ABARE’s survey 
data on an average farm, popularly known as “farm 
productivity data”.
2. The commodity classification is based on that of WAG, 
the economy-wide model of the WA economy used in 
this paper (see Section 4).
3. The growth rates for broadacre agriculture estimated as 
the weighted average of the growth rates for the above 
commodities, using the WAG shares in gross output as 
weights, are 4.75 and 6.40 percent p.a.
Notes:
Source: Islam (2000).
4. WAG: AN ECONOMY-WIDE MODEL FOR WA AGRICULTURE
The economy-wide model used for simulating the broader effects of growth in WA 
agriculture is called WAG. It is a computable general equilibrium (CGE) model for 
the WA economy with an empirically-based agricultural sector, constructed at the 
Economic Research Centre of UWA. WAG is an extension of the existing model of
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the State economy called WAM (Clements et al., 1996, Ye, 1998). The extension 
gives a more detailed coverage of the State’s agricultural sector. The theoretical 
structure of WAG is the same as that of WAM except for the specification of the 
production technology of the agricultural sector and the industry/commodity 
classification and coverage.
WA Agriculture in WAG
WAG has 105 industries, of which all but two are non-agricultural. The two 
agricultural industries are broadacre agricultural (henceforth Agriculture for short) 
and Dairy. Agriculture produces nine commodities (see Table 4.1) based on a
The joint-production3 nature of Agriculturetechnology described below.
TABLE 4.1





















i i+ 104 other industries+
Note: 1. Includes Dairy. The sector is treated as a single-product industry in 
WAG. See Table A1.4 in Appendix 1 for the complete lists of WAG 
commodities and industries.
3 In this study, jointness is used to mean jointness in input quantities and to imply that decisions 
about production of one commodity are dependent on those about the production of other 
commodities. Note that one farm producing many outputs does not necessarily mean jointness in 
input quantities.
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distinguishes it from the non-Agriculture industries. Accordingly, WAG specifies a 
multi-product Agriculture industry. WAM, in contrast, has only one broadly defined 
agricultural industry which produces one composite commodity also called 
Agriculture. For the non-Agriculture industries, however, WAG assumes the same 
production technology as in WAM, i.e., each non-Agriculture industry produces only 
one distinct commodity. As a result, unlike WAM, WAG has more commodities 
(113) than industries (105); see Table 4.1.
None of the empirical production models for WA agriculture seems to conform 
completely to WAG industry-commodity configurations. The closest is one by 
Ahammad and Islam (1999). Accordingly, the specification of the joint-production 
technology for WAG Agriculture is adapted from their work. The underlying 
optimising problem of a representative farm is postulated to be as follows:
The representative farm chooses a combination of output and input 
quantities so as to maximise its profit given a set of prices for outputs and 
inputs (characterising competitive markets for outputs and inputs), and fixed 
factors (i.e., the area of land holdings and the capital stock, characterising a 
short run) and the level of technology.
The distinguishing feature in this optimisation problem is that the agricultural firm 
chooses the output mix simultaneously with the input mix. By comparison, a non- 
Agriculture firm does not have to choose the output mix as it produces only one good.
Ahammad and Islam (1999) consider five broad outputs (Sheep meat. Wool, 
Grains, Beef & other meat, and Agriculture n.e.c.), two variable inputs (labour and a 
composite of materials and services) and one fixed factor (composite of land, capital 
and livestock inventory). The input-output scheme in Ahammad and Islam differs 
from that in WAG. There are nine agricultural commodities in WAG that can be 
mapped into the five broad commodities in Ahammad and Islam (1999). Table 4.2 
presents the mapping scheme. Furthermore, WAG has 113 commodities, and a WAG 
industry can, at least theoretically, use as many different types of intermediate inputs 
as there are commodities. Also, some intermediate inputs need to be obtained from 
domestic and/or imported sources. One way to take advantage of the empirical 





Ahammad and Islam (1999)
WAG commodity
1. Sheep meat 1. Sheep meat
2. Wool 2. Wool
3. Grains 3. Cereals
4. Pulses & oilseeds
4. Beef & other meat 5. Beef cattle 
• 6. Pigs 
7. Poultry
5. Agriculture n.e.c. 8. Horticulture
9. New industries & other agriculture
Note: The prefix numbers (1 to 9) in the second column are according to 
Table 4.1.
for WAG is to assume a three-level nested production technology for WAG 
Agriculture as depicted in Figure 4.1. In other words, the choice problem of the farm 
in WAG is modelled to entail a three-level production decision making process. The 
process can be described as follows:
At the top, the farm chooses the quantities of five outputs, the amount of 
labour and the level of composite materials & services so as to maximise its 
profit, given a production technology, the prices of inputs and outputs and 
the supply of an input which is a composite of land and capital. The five 
top-level outputs are Sheep meat, Wool, Grains, Beef & other meat, and 
Agriculture n.e.c. Clearly, this level of production decision represents the 
agricultural production model estimated by Ahammad and Islam (1999).
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FIGURE 4.1









































Notes: 1. The nine WAG commodities listed in Table 4.1 are denoted by i = 1,..., 9.
2. At the top panel, the lighter line for the composite fixed factor denotes that the factor, unlike other netputs at the top level, is 
fixed in supply in the short run and not determined in the farm’s profit maximisation process.
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At the second level, given the quantities of the composite outputs and inputs 
from above, the farm chooses the quantities of their components such that:
(a) A composite crop is a CET (constant elasticity of transformation) 
aggregate of its components. Table 4.2 presented the list of three 
composite crops (numbered 3, 4 and 5) and their components. 
Accordingly, the output Grains is a CET composite of two 
commodities namely Cereals and Pulses & oilseeds; Beef & other 
meat is a CET composite of three commodities namely Beef cattle. 
Pigs and Poultry; and Agriculture n.e.c. is a CET composite of 
Horticulture and New industries & other agriculture.
(b) The composite materials & services input is a Leontief aggregate 
of the individual intermediate inputs i.e., the individual inputs are 
combined into the composite in fixed proportions.
(c) The only fixed primary input is a CES (constant elasticity of 
substitution) aggregate of its components - land and capital.
At the bottom, the individual intermediate inputs are chosen from local and 
imported sources so that each individual material input is a CES aggregate 
of the same commodity from both local and imported sources.
Appendix 1 presents the derivation of the input demands and output supplies in 
the WA Agricultural sector, together with the complete set of WAG equations. For 
expositional convenience, a brief description of the main features and assumptions of 
the model is given below.
Other Aspects of WAG
WAG is a single-region, multi-sectoral CGE model of the WA economy. The 
theoretical structure of the model is of ORANI (Dixon et al., 1982) type, except that 
ORANI is a single-country model for Australia. As a CGE model, WAG captures the 
linkages among WA industries in some detail. It incorporates explicitly the decisions 
made by producers and consumers, embodies relevant government policies and 
recognises the constraints the economy confronts, such as limited supplies of the 
primary factors of production. At the core of WAG are (i) input demands by
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industries and their commodity supplies; (ii) demands for commodities by households 
and government; and (iii) the external sector comprising imports into and exports 
from WA.
The production decision in the Agriculture sector/industry has already been 
described above. As regards the non-Agriculture industries, each of them produces a 
single commodity using materials, labour and capital as inputs so as to minimise costs 
subject to a nested production technology. All producers face competitive markets. 
The production structure is based on the assumption of constant returns to scale and 
that each of the material inputs is separable from the others, as well as from primary 
inputs. Substitution takes place between the primary factors. WAG considers 
consumers who own primary factors, and a consolidated government which collects 
revenue and spends on current consumption. Household consumption demand is 
based on the assumption of preference independence and utility maximisation. All 
goods are distinguished according to their source of supply, WA and non-WA. 
Locally sourced good is treated as an imperfect substitute for imports. WAG can be 
viewed to comprise four main building blocks:
Equations describing the final demands for consumption, investment and 
government expenditure; and equations describing industrial demands for 
intermediate inputs and primary factors.
Zero profit equations which ensure that revenue equals costs, as implied by 
competitive markets.
Market clearing-conditions for domestically produced goods and primary 
factors.
Miscellaneous definitional equations for prices, revenue from taxation, 
gross state product, total consumption and total trade.
WAG Database
The equations constituting WAG are in log-changes of variables and involve 
numerous shares and elasticities. The model uses the 1992/93 input-output table for 
Western Australia4 to calculate the shares, including the revenue and cost shares. The
4 The original input-output table by Islam and Johnson (1997) has been updated in 1999 at the ERC 
ofUWA.
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values for the elasticity parameters are adapted from Ahammad and Islam (1999), 
Dixon et al. (1982) and Johnson (forthcoming). Appendix 1 presents further details 
on the WAG database.
Simulating the Effects of Agricultural Growth
Table 3.1 presented the average rates of growth of production of five broad 
agricultural commodities for two (overlapping) periods. The average annual growth 
rates for the longer period from 1977/78 to 1997/98 (column 3 of Table 3.1) are taken 
to characterise the performance of WA broadacre agriculture in a typical year, which 
are then used as inputs into WAG for simulating the typical-year effects of 
agricultural growth.5 The economy-wide effects of WA agriculture based on its 
recent performance in the 1990s (for example, the one that was represented by column 
2 of Table 3.1) might seem more appropriate for policy purposes. However, in view 
of the volatility that exists in agricultural markets, for simulations in this study the 
average growth rates for the longer period are used, as this will tend to smooth out 
fluctuations in production.
Under the assumption of constant returns to scale, output growth is the sum of 
input growth and productivity growth. Accordingly, the effects of (broadacre) 
agricultural output growth can be disaggregated by source — agricultural input and 
productivity growth. While the details of the decomposition and the technical aspects 
of the WAG simulations are presented in Appendix 2, the following section presents 
the simulation results.
5 As already noted in Section 3, these growth rates are estimated using ABARE’s survey data for an 
average farm popularly known as “farm productivity data”. As a result, they differ from the growth 
rates estimated using the ABS’ data on gross value of agricultural production. For example, in the 
1990s, the ABS growth rates for the outputs in question are 13.6, 2.2, 8.0, 8.9 and 6.7 while the 
corresponding ABARE rates are 4.8, -3.9, 9.2, 3.1 and .42 (column 2 of Table 3.1). However, 
ABARE’s survey data are popularly used to estimate farm productivity in Australia and as this 
paper also aims to evaluate the economy-wide effects of productivity growth, the growth rates 
based on the ABARE data-set are used for WAG simulations.
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5. BROADER BENEFITS OF GROWTH IN WA AGRICULTURE
Macroeconomic Effects
Column 2 of Table 5.1 presents the simulated results for the Agriculture growth 
discussed above. As can be seen, a 6.4 percent growth in Agriculture industry (see 
note 4 to Table 3.1) generates about .47 percent growth in real gross state product 
(GSP). To put this in perspective, we decompose this growth in GSP into direct and 
indirect contributions of the agricultural sector. Agriculture in WAG comprises about 
3 percent of the WA economy. Accordingly, the direct contribution of 6.4 percent 
agricultural growth to the GSP growth would be about .03x6.4 = .19 percent. The
TABLE 5.1
TYPICAL-YEAR MACROECONOMIC EFFECTS 
OF GROWTH IN BROAD ACRE AGRICULTURE
(Percent change)















Notes: The percentage changes are relative to 1992/93 (the base year) levels.
Source: WAG simulations.
remaining .47 - .19 = .28 percent can be regarded as the indirect contribution of 
Agriculture to GSP growth, so that .47 .19 = 2.5 is a type of multiplier. It may be
noted that the above multiplier is broadly in line with the most recent estimates by
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Johnson (forthcoming) of the Type-2A-value-added multipliers, which range from 1.5 
to 3.5 for various agricultural outputs with an average of 2.3 for agriculture as a 
whole.6 The indirect contribution can be viewed to reflect the economy-wide linkages 
The initial impact of agricultural growth (with productivity 
enhancement accounting for only a part of the growth) is to boost demands for inputs 
by the industry which, in turn, stimulates other industries to scale up their output and 
employment. The results suggest that the agricultural growth stimulates substantial 
growth in non-agricultural sectors.
of Agriculture.
Increased GSP means higher incomes and higher overall consumption. Increased 
demand for consumer goods and intermediate inputs leads to higher imports. 
However, agricultural growth also boosts aggregate exports.
As pointed out earlier, the effects of agricultural output growth can be 
disaggregated according to its sources - agricultural input growth and agricultural 
productivity growth. The decomposition analysis conforms to the observed 
(historical) contributions of productivity and input to agricultural growth. In other 
words, of the 6.4 percent average annual growth in broadacre agriculture, three- 
quarters are due to productivity growth and the remaining quarter is due to input 
growth (Figure 5.1).
FIGURE 5.1
CONTRIBUTION OF INPUT AND PRODUCTIVITY 
TO THE AVERAGE OUTPUT GROWTH
Input
Productivity
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6 Although both are based on the same inter-industry flows table for WA, strictly speaking the WAG 
“multiplier” and Johnson’s input-output multipliers cannot be compared because of the differences 
in the assumptions underlying the two methodologies.
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It is of interest to know how the two sources of agricultural growth account for 
the macroeconomic effects reported in Table 5.1. Figure 5.2 presents the 
decomposition of the effects by sources of agricultural output growth. The figure 
shows that about 40 percent of the contribution of Agriculture to GSP growth is due to 
the industry’s productivity growth. However, productivity growth in Agriculture 
seems to boost the economy’s consumption, exports and employment significantly 
more than the input growth under consideration. Interestingly, the growth in the 
overall consumption and the consumer price index (CPI) are both higher under the 
agricultural productivity growth than under the agricultural input growth. The 
underlying economics are explored and explained below.
FIGURE 5.2
DECOMPOSmON OF THE TYPICAL-YEAR MACROECONOMIC 












Employment Consumption CPIGSP Imports Exports
□ Due to input growth in Agriculture 
E Due to productivity growth in Agriculture
Source: WAG simulations.
Productivity growth in Agriculture leads to a substantial fair m production costs 
and, hence, the supply price of agricultural output (column 3 of Table 5.2). This
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TABLE 5.2
TYPICAL-YEAR EFFECTS OF GROWTH IN 
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Other services
Total
2Consumers ’ price 
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Services to agriculture 




Trade & transport 























Total .30 .26 .05
1. The percentage changes are relative to 1992/93 (the base 
year) levels. Tables A2.2 and A2.3 in Appendix 2 present more 
detailed results and the composition of the broad sectors.
2. Refers to the composite price of a good from both local and 
imported sources. The consumers’ price for locally produced 
commodities includes sales taxes on the top of the corresponding 
producers’ price.




induces an increase in the demand for final consumption, as well as for further 
processing, of agricultural commodities. On the other hand, the productivity-led 
substantial growth in agricultural output (Figure 5.1) means that farmers’ income rises 
considerably despite the fall in their output price. The increased income in turn leads 
to increased demands for non-agricultural goods and services, pushing their prices up 
(column 3 of Table 5.2). The prices of non-agricultural goods and services (in 
particular, Services to agriculture. Trade & transport. Financial & business services 
and Other services) rise enough to more than offset the fall in prices of the primary 
and processed agricultural commodities, with the overall effects of a higher CPI and 
consumption than otherwise. In contrast, under the input-growth simulation, the 
additional demands for material inputs by Agriculture push their prices up, which in 
turn results in a rise in the cost of production in Agriculture and hence a rise in the 
prices of agricultural commodities. However, except for Services to agriculture, the 
rise in prices is not all that significant (column 4 of Table 5.2). Thus, with the given 
world prices of imports, the CPI has remained virtually unchanged. With reduced 
consumption of agricultural goods as well as financial and business services and only 
a slight increase in others, overall consumption has not recorded much growth 
following the growth in agricultural inputs.
Effects on Economic Structure
Table 5.3 presents the effects of agricultural growth on the production of nine broad 
sectors.7 As would be expected, sectors with strong linkages with Agriculture benefit 
the most. Among these beneficiaries, foremost is the sector Services to agriculture 
which includes inter alia aerial seeding, crop and pasture dusting or spraying services, 
wool shearing services, packaging services, farm irrigation services, and veterinary 
services. Overall, this sector grows by over two percent most of which is driven by 
the growth in agricultural inputs (Figure 5.3), followed by the sector Trade & 
transport services. Various other services as well as industries engaged in processing 
primary agricultural commodities also benefit from the agricultural growth. However, 
the sector Agriculture processing grows only by a meagre .3 percent. This is not a 
surprising result once the effect is decomposed according to the sources of
7 Appendix 2 presents more detailed results and the composition of the broad sectors.
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TABLE 5.3
TYPICAL-YEAR EFFECTS OF GROWTH IN BROADACRE 
AGRICULTURE ON SECTORAL PRODUCTION
(Percent change)




Services to agriculture 




Trade & transport 












Note: The percentage changes are relative to 1992/93 (the base year) 
levels. Table A2.4 in Appendix 2 presents more detailed results 
and the composition of the broad sectors.
Source: WAG simulations.
agricultural growth (Figure 5.3). The positive growth in Agriculture processing 
associated with the Agriculture productivity growth is largely offset by the 
contractionary effect of the agricultural input growth on agricultural processing.
It needs to be noted that the highly export-oriented, non-Agriculture sectors such 
as Mining and Forestry, logging & fishing (in particular, fishing) suffer a contraction, 
though not significant contraction. This is a reflection of the “Gregory effect” 
(Gregory, 1976) in reverse — an expansion of highly export-oriented Agriculture 
leads to a real appreciation of the exchange rate which hurts non-agricultural exports.
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FIGURE 5.3
DECOMPOSITION OF THE TYPICAL-YEAR EFFECTS OF GROWTH IN 
BROAD ACRE AGRICULTURE ON SECTORAL PRODUCTION
Percent
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Overall, a 6.4 percent growth in Agriculture leads to approximately a .5 percent 
growth in WA’s total production (column 2 of Table 5.3), of which over three- 
quarters can be attributed to the productivity growth in Agriculture. In the short-run, 
employment effects are highly and positively correlated with the output effects. The 
differential output effects largely explain the relatively larger employment effect 
associated with the agricultural productivity growth demonstrated in Figure 5.2.
Table 5.4 presents the effects on sectoral exports of agricultural growth. As 
expected, agricultural exports record a substantial growth in volumes (column 2). 
Interestingly, all non-agricultural sectors suffer a reduction in export volumes. This 
can be due to the cost-price squeeze associated with the real exchange rate 
appreciation discussed before, and/or rises in domestic demand whereby the goods 
and services which otherwise would be exported are absorbed locally. The real 
exchange rate appreciation largely explains the reduction in '■rts of the sectors
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Mining and Forestry, logging & fishing. As for the other non-Agriculture sectors, 
exports of their outputs decline despite the expansion in production (column 2 of 
Table 5.3). Clearly, domestic absorption for these commodities increases more than 
the increase in their production. Nonetheless, the overall impact of agricultural 
growth on State’s exports is positive — the substantial export growth for Agriculture, 
combined with an increase in exports of processed agricultural commodities, leads to 
a growth in WA’s total exports (in real terms) of about .6 percent.
TABLE 5.4
TYPICAL-YEAR EFFECTS OF GROWTH IN BROADACRE 





Decomposing the effects by source
Commodity
Productivity Input
(1) (2) (3) (4)
Agriculture 
Dairy
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Notes: 1. The percentage changes are relative to 1992/93 (the base year) 
levels.
2. implies no or negligible exports in the base year 1992/93.
3. The figures differ from the corresponding figures in Table 5.1 and 




The decomposition analysis shows that about three-quarters of the 9 percent 
export growth in agriculture is due to agricultural productivity growth. Almost the 
entire .6 percent growth in WA’s total exports can be attributed to agricultural 
productivity growth (columns 2 and 3).
6. CONCLUSION
While WA agriculture remains an important contributor to the State economy, the 
GSP share of WA agriculture has been declining over the years. However, this 
decline does not necessarily imply overall a diminishing economic role of the sector. 
For one thing, the sector itself is growing and so is its absolute contribution to the 
economy. Moreover, the non-agricultural sectors also benefit from the expansion in 
agriculture. Examples include the food processing, transport and marketing sectors on 
the downstream connections, and the fertiliser, chemical, machinery industries, and 
various services on the upstream linkages. For a comprehensive assessment of the 
role of agriculture, these indirect contributions need to be taken into account as well. 
An economy-wide model that captures the interdependencies of the economy is an 
appropriate framework for this.
Climatic conditions aside, WA farmers face pressures on the domestic front, as 
well as in world markets. Farmers accept prices set in world markets, and cope with 
declining terms of trade as output prices tend to rise more slowly than prices paid for 
inputs. One way to stimulate and sustain agricultural growth in the face of intensified 
competition and declining terms of trade is to enhance technical progress and 
productivity. In recent years, due to the National Competition Policy and other 
related reforms, farmers have been confronted with changing economic 
circumstances. Farm assistance in the form of price supports, input subsidies, tax 
concessions, export promotion subsidies, and concessional interest rates, etc., is being 
wound down. In a more competitive environment, productivity enhancement 
becomes even more important for agriculture’s growth.
Against this background, this study has introduced and applied an economy-wide 
model of the WA economy (known as WAG) to quantitatively analyse the direct and 
indirect effects of the output growth of WA broadacre agriculture on the State 
economy. It then has decomposed the economy-wide effects of agricultural output
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growth by its sources — agricultural input growth and productivity growth. The key 
results are summarised below:
Between 1977/78 and 1997/98, broadacre agricultural production grew at an 
average annual rate of over 6 percent in WA. We consider this to be the 
typical-year output growth of the sector.
According to WAG simulation results, this agricultural growth, in the 
absence of any policy changes or other external shocks, causes WA’s real 
GSP to grow by .5 percent. The direct effect of this growth on GSP is about 
.2 percent. The remaining .3 percent is the indirect contribution of the 
In other words, the indirect effect of agricultural growth is 
.3 h- .2 = 1.5 times the direct effect.
sector.
Growth in agricultural production brings about a .6 percent growth in 
aggregate exports (both agricultural and non-agricultural) from WA. 
Although broadacre agricultural exports grow by over 9 percent, the low 
growth in total exports is due to the contraction of mining and fishing 
exports. This is a reversal of the “Gregory effect” phenomenon 
expansion of agriculture, other things being unchanged, leads to a real 
appreciation of the exchange rate which hurts non-agricultural exports.
an
Sectors with strong linkages to agriculture benefit most from the expansion 
of the sector. Foremost among these is the sector “services to agriculture” 
which grows by over two percent, followed by “trade & transport services”.
Likewise, about three-quarters of the 9 percent of export growth in 
agriculture can be attributed to agricultural productivity growth.
Productivity growth in agriculture leads to a substantial increase in farmers’ 
income. It results in a reduction in production costs and a reduction in the 
supply price of agricultural output. This in turn induces an increase in the 
demand for agricultural commodities and produces a resultant increase in 
farmers’ income.
Above we stated that the 6 percent agricultural growth leads to an expansion 
of GSP of approximately .5 percent. According to our estimates, about 40
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percent of this .5 percent GSP growth is derived from agricultural 
productivity growth. Input growth accounts for the remaining 60 percent.
Thus, the results suggest that the indirect benefits of agriculture exceed its direct 
contributions and that the contributions made by productivity enhancement in 
agriculture are indeed substantial.
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APPENDIX 1
DETAILS OF WAG, A CGE MODEL OF THE WA ECONOMY
This appendix presents the derivation of the WAG equations for input demands and 
output supplies by the Agriculture sector, discussed in Section 4. It presents the 
whole set of WAG equations in Tables Al.l through A1.3. The WAG database is 
presented in Tables A1.4 through ALIO.
Derivation of Output Supply and Input Demand Equations for the WAG Agriculture 
Sector
The three-tier choice problem of the farm, described in Section 4, can be formalised 
as follows:8
Let Yk denote the output of the top-level commodity k (k = 1,2, ..., 5) produced 
by the farm and Pk the price received per unit of Yk ;9 let X1 represent the
composite materials & services input demanded by the farm and P1 the price paid per 
unit of X1; let XFI stand for the amount of labour demanded by the farm and PFI
for the payroll-tax-inclusive wage paid per unit of agricultural labour. Finally, let 
XFZbe the level of the quasi-fixed composite input used by the farm and T be the
8 In WAG, the nomenclature of WAM (WAG’s predecessor) is retained. Throughout, a variable in 
“lower case” represents the log-change of the corresponding level variable in “upper case”; i.e., for 
variable X, the log-change is denoted by X =dln(X) = dX/X . For convenience, lists of all 
variables and parameters are presented in Tables A1.2 and A1.3.
The subscript “ j ” (j = 1, ..., n) is used to denote WAG industry, with j =1 representing 
Agriculture. However, in this section only one industry, Agriculture, is dealt with. For both 
readability and economy on notations, wherever possible the industry subscript “j” is omitted in 
the description of the agricultural production model. However, the industry subscription “j” is 
reinstated in the presentation of the whole model WAG.
9 Recall from Table 4.2, at the top level there are five commodities namely. Sheep meat. Wool, 
Grains, Beef and other meat, and Agriculture n.e.c. Of these the last three are composite 
commodities. These three composites are denoted by k=3, ..., 5, while the non-composite two 
top-level commodities (Sheep meat and Wool) are denoted by k = 1 and 2.
31
given state of technology. The farm’s short-run production possibilities set can then 
be represented by
F(Y\...,Y5, X1, XF1; XFZ, T) = 0, and(1)
its short-run (or variable) profit can be defined as
Yk — P^1 — PF1XF1n =(2)
k=l
Given a set of prices of outputs and inputs (p1, p2,...,p5, P1 and PF1), fixed
factor (XFZ) and the production technology (T), the optimising behaviour of the farm 
is to choose Yk ( k = 1,2, 5), X1 and XF1, so as to maximise its short-run profit
defined by equation (2), subject to the production possibilities set represented by 
equation (1) such that





i i i(6) i=l,2, ...,g, see Figure 4.1.
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In equations (3) to (6), Ykr is the rth component of the composite commodity k (k = 
3, 5) produced by Agriculture industry;10 X1 is the amount of intermediate input
i used by Agriculture; X^is the rth intermediate input from source s (s=l for local, 
and s=2 imported) used in Agriculture; XF2 is the amount of capital stock and XF3 is 
the area of land; and the remaining variables are as defined earlier.
As explained, the above optimisation problem of the farm can be viewed as a 
three-stage decision making problem. The top level involves the optimal choice of 
the quantities of the top-level outputs and variable inputs involving only equations (1) 
and (2); i.e., choosing y\ --mY5, X1, and XF1, so as to maximise the short-run
profit. The solutions to this truncated system yields levels for the top-level outputs, 
materials & services input and labour as functions of prices, fixed factors and the 
given technology.
The envelope theorem for constrained optimisation implies that the same set of 
profit-maximising input-demand and output-supply equations can be derived from the 
underlying profit function, what in production economics is known as Hotelling’s 
lemma. Ahammad and Islam (1999) discuss this and estimate the associated derived 
demand and supply equations. For convenience, the derived demand equations in 
Ahammad and Islam (1999) are reproduced below:
m-1
= aa+ Saai(P'/Pm)+ la'Z
i=l i=m+l
i(7) Y: a = 1, 2,..., (m -1), and
m-1 m-1
Ym = a° + Lc^Z1- Iaai(Pa/Pm)(Pi/Pm) + | I la^Z1,(8)
i=m+l a=l i=l a=m+l i=m+l
10 As discussed in footnote 9, k assumes the value of 3, 4 and 5 to represent the three composite 
commodities
(Y31, Y32), (Y41, Y42> Y43) and (Y51,Y52) are non-overlapping sets, where Y31 denotes Cereals 
and so on, so that y52 denotes New industries & other agriculture. Accordingly, for k =3, equation 
(3) becomes y3 = CET2 (Y31,Y32) R(k=3) = 2; implying that the top-level commodity Grains is
a GET composite of (i) Cereals (y31) and (ii) Pulses & oilseeds (Y 3 2 )•
defined in Table 4.2. Also note from the table that
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where Ya is the quantity of netput a (the word “netput” or ‘net output’ implies an 
output if positive quantity and a variable input if negative quantity); pa is the average 
price of netput a; Z is the vector of (n - m) quasi-fixed inputs (such as land and 
capital stock) and other exogenous factors (for example, level of technological know­
how); and the a’s are the parameters estimated by Ahammad and Islam (1999). 
Equation (7) represents an output supply equation when Ya is positive and a variable 
input demand equation when Ya is negative. Equation (8) defines the net supply 
equation for the numeraire (labour input).11 The estimated model in Ahammad and 
Islam (1999) has five outputs (Ya for a = 1, ..., 5) and one composite intermediate 
input (-Ya for a = 6). The numeraire for the model is labour (- Ym for a = m = 7). 
Furthermore, there is one composite fixed input of land and capital (i.e., Za for a = 8) 
and one exogenous factor of the level of technological know-how (denoted byza 
for a = 9).
Accordingly from equation (7), for the top level, the output supply equations in 
levels form for WAG Agriculture is specified in terms of the usual WAG notations as
(9) Yk = ak+ iala(Pi/PF1) + akI(PI/PF1) + akZXFZ+akTT
i=l
k = 1, 2,..., 5.
Likewise, equation (7) in the WAG notations yields the demand equation in levels 
form for the composite materials & services input as12
(10) X1 = «'+ iaD(Pi/PF,)+ aII(PI/PF1) + aIZXFZ-Fa^T.
i=l
11 Ahammad and Islam have specified the derived net supply equations in terms of normalised prices 
with the /nth netput as the numeraire. That is, in their model, nominal profit and all prices are 
normalised by the price of the numeraire (Pm). They have not, however, specified the net supply 
equation for the numeraire as explicitly as is done here in equation (8). Also note that the 
superscripts in equations (7) and (8) correspond to the subscripts in the corresponding equation in 
Ahammad and Islam (1999).
12 According to Hotelling’s lemma, the LHS of the equation (10) should be — X'- Instead, the 
negative sign in the a’s has been absorbed by presenting them in their “natural” signs. The same 
descriptive convenience is retained while specifying labour input demand in equation (11).
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The last two terms in the RHS of equations (9) and (10) correspond to the last term in 
RHS of equation (7), and the second and third terms in the RHS of equations (9) and 
(10) correspond to the second term in the RHS of equation (7). This follows from the 
fact that in equations (9) and (10) superscript I has been used to denote intermediate 
input (that corresponds to the superscript a = 6 in equation 7); FI has been to 
denote the amount of labour (that corresponds to the superscript a = m = 7 in equation 
7); notation XFZ (for Z8 in equation 7) has been used to denote fixed input; and T (for
Z9 in equation 7) has been used to denote the level of technological know-how.
Finally, using WAG notations, the equation for labour input demand is specified 
from equation (8) above as
5 5
XF1 = a°+aFZXFZ+aTT- iIIalk(Pi/PF,)(Pk/PF1)
i=l k=l
- Ea^CP1 /PF1)(Pk /PF1) - ian(P‘ /PF1)2
k=l
+ ia22^2)2 + ^(a72 + azr)XFZT + i^T2 .
(11)
Equations (9) through (11) in their log-change form are presented in Table A 1.1; 
see equations WAG.22, WAG.8 and WAG. 13. Note that in the table, the industry 
subscript “j” is invoked, with j = 1 denoting Agriculture. To illustrate how the log- 
change form is derived from the levels-form equations, let us resort to equation 7 for 
brevity. Equation (7) is converted to the double-log form and differential is taken to 
obtain,
m-1 n
d(ln Ya) = d[ln{aa + Xa"(P‘/Pm) + Xa'Z4 } ]
i=l i=m+l
a = 1, 2,..., m-1.
1 m-1
= —d{aa+ Xaai(Pi/Pm) + XcTZ1 },
{•} i=l i=m+l
1 m-1
= — [ Xaaid(pi/pm)+ X oc'dlz1) ],
• * i=m+lY i=i
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i m-1 m-l n
= — t la31 (dpVp"1)- I aai(Pi/Pra)(dpm/pm)+ I ofdz' ] 
Y ‘=1 i=l i=m+l ’
m-l p' / pm= la P
i=l
m-l p* / pm(dpVp1)- I aai^^ (dpm/pm)+ £ aa-— (d Z' / Z'). 
YYa Ya1=1 i=m+l
Using dX/X = d (log X) = x, we can rewrite the above equation as
m-l p‘ /pm m-l P1/Pm n 71P1-Iaai^-pm+ I a^zSor
i=l Y i=m+l Y
y = la
i=l Ya
m-l . . n .
/ -i /•> \ 2 ’r-i ai i , am m , at j(12) y = Sri p+rip+Sriz
i=l i=m+l
a= 1, 2,..., m-l.
where rfs are various elasticities defined as in Ahammad and Islam (1999):
aai(P‘ /pm)/Yaa, i = 1, 2,..., (m-l).T1 =
r| = - S^i'ri31 , andam
Tf= aai(Zi/Ya) a = 1, 2,..., (m-l), and i = (m+1), ..., n.
It can be shown that despite the differences in their levels form, equations (7) and (8) 
in their log-change form will look like equation (12). The more complex terms in (8) 
are reduced to simple elasticity parameters in the log-change form of the equation. In 
other words, equation (12) can be defined for the full range of a = 1, 2, ..., m. Also 
note that in equations WAG.8, WAG. 13 and WAG.22 in Table Al.l the terms 
associated with time (proxy for the level of technology) are replaced by more general 
autonomous trend terms denoted by a’s.
Returning to the three-stage optimising problem of the farm, profit maximisation 
requires that at the second level of decision making, the farm carry out steps (a), (b) 
and (c) as elaborated below.
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Step (a)
The Farm chooses the rth component of the composite agricultural commodity k, Ykr 
for r = 1, 2,..R(k), so as to maximise its revenue
R(k)
pkYk = S PkrYkrk = 3,5,
r=l
subject to equation (3): Yk =CET (YkI, Yk2,-, Yk R(k)) k = 3, 5. In the above,R(k)
Pkr is the price of the rth component of the composite agricultural commodity k. The
solution to this optimising problem, in log-change form, yields the following 
equations
W t R(k> ^ ,/1 ^ k - krt 1(13) y = y + X T| p
t=i
k = 3, ..., 5, and r = 1,2, ..., R(k), and
k R(k) u Wr
(14) p = X A P k = 3,...»5,
r=l
where qkrt is the conditional price elasticity of supply of component r of the 
composite commodity k, with respect to the price of component t of the same 
composite commodity, and A11 is the share of component r in the total revenue from 
composite commodity k, i.e., ^ / Xfik)P1^Y^ for k = 3, ..., 5, and
r = 1, ..., R(k). To generalise, a conditional autonomous trend term (a151) is added 
and a conditional output elasticity of supply (p111) is introduced to equation (13) as 
follows:
R(k)
/1 xr\ ^ kr t okr k . krt ](15) y=a+py + Xrip
t=i
k = 3, ..., 5, and r = 1,..., R(k).
In WAG, there are g number commodities and n(<g) number of industries. Let us 
define a new variable Yij denoting the quantity of commodity i produced by
37
industry j. The corresponding price variable is p° which does not have the industry 
subscript “j”, implying that all industries receive the same price for commodity i. 
Clearly, Yij for i = 1, 9 and j = 1, and p? for i = 1, 9 represent some of the
quantity and price variables defined above; more precisely, for j = 1 (we suppress the 
industry subscript j in the RHS variable to be consistent with the notations used 
earlier)
Yij = Yk i = k= 1,2,
Y3j = Ykl k = 3,
Y4j =Yk2 k = 3,
Y5j = Ykl k = 4,
Y6j = Yk2 k = 4,
Y7j = Yk3 k = 4,
Ygj = Ykl k = 5,
Y9j = Yk2 k = 5, and
po = pk i = k = 1,2,
po _ pkl k = 3,
po _ pk2 k = 3,
po = pkl k = 4,
po = pk2 k = 4,
po = pk3 k = 4,
po _ pkl k = 5,
po = pk2 k = 5.
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The above identities together with equations (14) and (15) above provide equations 
WAG.23 to WAG.28 in Table ALL Equation WAG.29 in Table Al.l defines the 
index for the level of economic activity in the agriculture industry.
Step (b)
The farm chooses intermediate input i, undifferentiated by the source of supply, X1 
for i = 1, 2,..g, so as to minimise the cost
PV = ip'x1
i i i i=l
= Leontief(XI,XI,...,XI).
1 2 gsubject to equation (4): X
The solution to the problem yields the following equations in log-change form
x1 = a1 + p.V




where a,1 is the conditional autonomous trend in the demand for intermediate input i,
undifferentiated by the source of supply, used by industry Agriculture; the
conditional output elasticity of demand for intermediate input i; and a,’ is the share of
individual intermediate input i in the total cost for intermediate inputs in industry 
The above two equations are presented as equations WAG.9 andAgriculture.
WAG. 10 in Table ALL
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Step (c)
The farm forms the composite fixed factor by choosing the amount of capital stock 
and the area of land, XFmfor m = 2, 3, (with 2 representing capital and 3 land). At a
formal level, the problem of the farm can be written as to choose XFm for m = 2, 3, so
as to minimise the cost
S PFmXFm ,
m=2
XFZ =CES(XF2,XF3).subject to equation (6):
The solution to the problem, in log-change form, yields
FZ+ lTiFinnp
n=2
Fm _ F m , oF mx =a + P x(18) m = 2, 3,
where aFm is the autonomous trend in demand for factor m; pFm is the elasticity of
factor m with respect to the level of composite fixed factor; and r|Fmn is the elasticity
of demand for factor m with respect to the price of factor n. Equation WAG. 14 in 
Table A 1.1 gives the above equation.
Finally, at the bottom level, the farm chooses its intermediate input i from local 





X’ = CES(X’1, X’2).subject to equation (5):
The solution to the problem yields the following equation in log-change form
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2Is Is , DIs I , Ixi =«; + P, xi + Xn, P,
t=l
(19) i = 1, g, and
I _ V A IsPi — XAj p.(20) i= 1,
S=1
where a!5 is the conditional autonomous trend in demand for intermediate input i 
from source s used by the farm; p’sis the conditional output elasticity of demand for 
intermediate input i from source s; ri,ls' is the conditional elasticity of demand for 
intermediate input i from source s with respect to the price of the same intermediate 
input from source t; and a's is the share of the cost of individual intermediate input i
attributable to source s, i.e., a'5 = PjIsXjs / X?=iPj'xj'
WAG.l 1 and WAG. 12 in Table Al.l represent the above two equations.
for i = 1, ..., g. Equations
The Equations of the Model
Table Al.l through A1.3 present a listing of all the WAG equations, variables and 
parameters. Note that the following equations, in addition to those equations derived 
above, are incorporated into WAG so as to specify the multi-product Agriculture 
industry (see Table Al.l):
supply of commodities by non-agricultural industries (WAG.21),
zero profits in Agriculture (WAG.31),
total supply of good i by all industries (WAG.32),
market clearing for land used in Agriculture (equation WAG.36),
price of land (equation WAG.50),
revenue from land taxation (equation AG.56), and
income accruing to land owners (equation WAG.63).
While most of these equations are straightforward and self-explanatory, with regard to 
the zero-profit condition for Agriculture (equation WAG.31), note that the total
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revenue is equal to X?=1P°Yij for j = 1, and the total cost is given by
Xf=iILP,ls x‘s + Xm=iPFmXFm . Equation WAG.31 in Table Al.l represents the log-
change form of the revenue-cost-equality condition that follows from the assumptions 
of constant returns to scale and perfectly competitive markets.
The rest of the WAG equations are taken from WAM (Clements et al., 1996) 
while some modifications were needed to represent the new agricultural industry of 
WAG. In Table Al.l, the modified equations are identified as WAG.4, WAG.6, 
WAG. 15, WAG.30, WAG.33a, WAG.33b, WAG.60 and WAG.64.
The Database
The WAG database is made up of various shares and elasticities. To calculate the 
shares, the model uses the most recent input-output table for WA that refers to the 
year 1992-93, developed at the UWA Economic Research Centre. This table 
represents the present-day State economy. The ERG input-output table has 111 
industries and as many commodities. As discussed in Section 4, WAM incorporates 
one (broadacre) Agriculture industry which produces nine commodities jointly. Also, 
based on the rationale in Dixon et al. (1982, p.176), the model considers two 
fictitious domestic industries called “Sales by final buyers” and “Complementary 
(non-competing) imports”. Hence, the original input-output table has been modified to 
represent 105 industries and 113 commodities. Table A1.4 presents the lists of WAG 
commodities and industries while Tables A 1.5 and A 1.6 present the cost structure of 
WAG industries and the sales structure of WA commodities based on the modified 
input-output table.13
One noteworthy feature of WAG is the empirical basis of its Agriculture sector. 
The core output supply and input demand elasticities are adopted from the 
econometric estimates by Ahammad and Islam (1999) and Dixon et al. (1982). Tables 
A 1.7a and A 1.7b present the various elasticities used to represent Agriculture in 
WAG. As for the non-Agriculture sectors, the various elasticities are adopted from 
Johnson (forthcoming). In a nutshell, the price elasticities in input/factor demands are
13 The complete input-output table is available on request from the author.
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constructed by applying Ye’s (1998) methodology to the elasticities presented in 
Tables A1.8 and A1.9 and the above-mentioned input-output table, 
consumption side. Table A 1.10 presents the income elasticities used in WAG. These 
elasticities together with those in Table A 1.8 and the data from the input-output table 












(1) (2) (3) (4) (5)
Consumer Demand
(WAG.l) + pfq + EPv i = 1. g Composite consumer demand for good ig
V = 1
2
(WAG.2) pf = lAPp! Index of prices of good ii = 1,g g
S=1
2
= ai +P; xi +1^ ^
t=i
(WAG.3) xfs For s =1, i = 1,g Conditional consumer demand for good ig
For s =2, i e M from source sgm
Intermediate Input & Primary Factor Demand
Non-agricultural sectors
(WAG.4) xA = CCij + Pjj y#j i = 1,g 
j = 2,n
g (n - 1) Composite demand for intermediate input i 
by non-agricultural industry]
(WAG.5) X?] = «?]+ p‘j xlj+itllr P!‘
For s = 1, i = 1, g g (n-1) Conditional demand for intermediate input i
For s =2, i e M 
j = 2,, n
gm (n-1) by non-agricultural industry j
(continued on next page)
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(2)(1) (3) (4) (5)
(wag.6) xf = af + PjF y.j j = 2,n n - 1 Composite demand for primary factors as a 
whole by non-agricultural industry j
F , _Fm n Fn
Xj+lTlj Pj
Fm ^ Fm . nFm
(WAG.7) Xj = Otj + Pj m = 1, 2 2 (n - 1) Conditional demand for primary factor m 




, ^II I , ^IL„F1 , „IZ FZ :XTlj Pj + Pj Pj + Pj Pj + Pj Xj
k=l
1 = 1 j=l Demand for composite intermediate input 
in agriculture industry
(WAG.8) x‘ 1ttj +
(WAG.9) x'j = a'j + pjj x‘ i = 1> —> g Demand for individual intermediate input i
in agriculture industry, undifferentiated by the 
source of supply
Price index for the composite intermediate 
input in agricultural production
g
j=l
(WAG. 10) p‘ = X Aj'jPj'j
i=l
j=l 1










(1) (2) (3) (4) (5)
(WAG.ll) xjj= «?]+ P[j xlj+XTlj?' p?1
t=l
For s = 1, i = 1,g Conditional demand for intermediate input i from sourceg
For s =2, i 6 M s used in agricultural productiongm
j = 1
2
(WAG. 12) p' = XAV
S=1
i = 1,g, j = 1 Price index for the intermediate input i used 
in agricultural production
g
L , \'„Lkk , LI I , LL. FI , I.Z F ttj + Srij pj + rij pj + rij pj + rij Xj 
k=l
Fm Fm , oFm FZ . _Fmn Fn
=«i +Pi xj +^j
n=2
(WAG. 13) = j=l 1 Demand for labour in agricultural productionxi





(WAG. 15) xj = aj + p)' y.j 
(WAG. 16) Xy = ttj + XjV
j = 1,.... n Composite total investment demand in industry jn
i = 1,g, j = 1,..., n Composite investment demand for good i in industry)gn











(WAG. 17) xijS = aijS + PijS x,Vj For s = 1, i = 1,g
For s = 2, i 6 M 
j = 1,, n





(WAG. 18) x° = aG + P°gspR 1 Government expenditure
(WAG. 19) xG = aG + pf xG i = 1,.... g Government demand for good ig
qGs G+ P( x.Gs G s For s = 1, i = 1,..., g 
For s = 2, i e M
Government demand for good i from source s(WAG.20) X; = a gi
gm
Output supply
g(n - 1) Supply of commodities by non-aericultural industries(WAO.21) y,, = y.,
(WAG.22) y‘ = „J+ + <'pl + 1l‘Lp-' + n;Zx,FZ
b=l
k=l......5, j = 1 5 Supply of top-level/composite agricultural commodities
(continued on next page)
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(1) (2) (3) (4) (5)
(WAG.23) pj = p° k = i= 1,2 2 Price of Sheep meat and Wool
j= 1
(WAG.24) p^ = I Akrp°
J reA(k)
k = 3...... 5 3 Price index of the three composite outputs in
j=l agriculture industry
(WAG.25) y.. = yk i = k = 1, 2, j = 1 2 Supply of Sheep meat and Wool
4
= (Xj + Pj yj + Itij P,
t=J
lei . nki k . v'^kic C= aj + Pj yj + iBj p,
t=5
(WAG.26) y^ i = 3, 4 2 Supply of ith component of composite 
agricultural commodity k (k = 3, Grains)k = 3, j = 1
(WAG.27) yij i = 5......7 3 Supply of t'th component of composite agricultural 
commodity k (k = 4, Beef & other meat)k = 4, j = 1
(wag.28) yij = af + P^yJ + iTif1*?: i = 8, 9 2 Supply of ith component of composite
t=8
k = 5, j = 1 agricultural commodity k (k = 5, Agriculture nec)
(continued on next page)
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(WAG.29) y.j = j = l Level of economic activity in agriculture1
Zero Profits
(wag.30) i (P°+yij)=i i o'; (p'j+x';)
i=l i=ls=l
. ^ / F m , F m\+ IOj [pi +Xj j
m=l
i=l i=ls=l
. ^ ^.Fm / Fm. Fm\+ X<I>i Ip, +X, )
m=l
j = 2,n n - 1 Zero profits in the non-agricultural industry j
j=l Zero profits in the agricultural industry1(WAG.31)
j
Goods-Market Clearing Condition
(WAG.32) yi = i0°yu i= L ...,g Total supply of good i by all industriesg
j=i
(continued on next page)
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(2) (3)(1) (4) (5)
(WAG.33a) yi#= 0; X, +I0ijXij + IOj. Xr
j=i j=i
+ Qi xi +Q,xi




(WAG.34) XA^V1 = £ 
j=i
F9
(WAG.35) xj = kj 
(WAG.36) X^Hj
i e E Market clearing condition for exportable ige
it?E (g - gc) Market clearing condition for non-exportable i
Market clearing for labour1
j = 1,n Market clearing for capital used in industry)n
j=l Market clearing for land used in industry Agriculture1










(2) (3)(1) (4) (5)
Prices
1
(WAG.37) pf* = «f* + xf i e E World price of exports of good ige
v Bi J
a
(WAG.38) pf = pj" + tf + d 
(WAG.39) pi" = p,m*+ tj" + d 
(WAG.40) p^ p*
i e E Internal price of exportable ige
i e M Internal price of importable igm
i 6 E Link between output and exportable pricesge
(WAG.41) p'1^ p,0 + tj" i = 1,.... g Link between output and input prices of good i from 
source 1
g




(WAG.43) Pj = Pj + tj i = L .... g Link between output prices and prices of investment 
good i from source 1
g
(continued on next page)
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V2 m V2 (WAG.44) Pj =Pj +tj Link between import prices and prices of investment 
good i from source 2
i e M Sm
(WAG.45) pf^ p? + tf i = I,-, g Link between output and consumer prices of good i 
from source 1
g
C2 m , .C2(WAG.46) Pj =Pj +tj i e M Link between imports and consumer prices of good i 
from source 2
gm
(WAG.47) p^ = pF' + tF' 
(WAG.48) pFI = pF'pC+ aF‘
j = 1, n Payroll-tax-inclusive price of labourn
1 Pre-payroll-tax nominal wage
(WAG.49) pF2=pF2+ tF2 j = 1,. n Price of capitaln
(WAG.50) pF3= pF3 + tF3 j = l Price of land1














o , ci , ^ci .ci) i +xi +^i ti )
ITi (Pi +Xi + Oj ti ) 
XT’ if O i II, /~v 11 > 11 \=Sir hi +xij + oi t. J
i=l j=l
„ " l2( m , 12 , 2.12)Iir +x +Qj t( J
ieM j=l
Revenue from all consumption taxes1
+
ieM
(WAG.52) r Revenue from all input taxes1
+
V v’-Ar-'Vl/ O, VI, /-.vi.vi) (WAG.53) r =1XFj: (Pj +Xjj +Oi t; j
i=lj=l
^ m , V2 rxV2.V2)I ir bi +xij +^i ^ j
ieM j=l
1 Revenue from all investment taxes
+
(WAG.54) rFI = irj'"(x':,+p,',+ O'"‘I') 1 Revenue from payroll taxes
j=i
^ l-iF 2 ( F2 , = Irj (Xj + )—F2 , ntF2.F2Pj +^j 1F 2(WAG.55) r 1 Revenue from taxation of capital
j=i
(continued on next page)
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F3 ( F3 , —F3 . FS.FS) (WAG.56) r = (Xj + Pj + <Pj tj j
(WAG.57) rm= X r,"1 (p,m* +x|m + d + 0|m t,"1)
j = l 1 Revenue from taxation of land
Tariff revenue from all imports1
ieM
(WAG.58) r^xr'fpf+x'+d + o^t®) Total export subsidy1
isE
(WAG.59) r = rNDr,ND + rcoMi<;OM Total tax revenue1
= PlrFI + P2rF2+ P3rF3IND(WAG.60) r 1 Tax revenue attributable to factor uses
(WAG.61) rC0M = P rc + r r1 + P rv + Fm rm - P re Commodity tax revenue1
Gross State Product
)(WAG.62) incFm=i'rjFn,(PjFm+XFm m = 1,2 2 Income accruing to labour and capitalj
j=i
(WAG.63) me’" = (p' )F m F m m = 3, j = 1 1 Income accruing to land+ X j
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(WAG.64) gspF = I 'I/FmincFm Gross state product at factor cost1
m=l
COM COM(WAG.65) gsp = AF gspF + A Gross state product in nominal terms1r
(WAG.66) gspR = gsp - pC Gross state product in real terms1
Total Consumption
(WAG.67) qN = a + Pgsp 
(WAG.68) q = qN - pC
g
(WAG.69) pC = IA^ pf
i=l
Consumption in nominal terms1
Consumption in real terms1
Index of consumer prices1
Total Trade
(WAG.70) X,"1 = 0^xf2+ IG'2 x'J + 10,7 Xi7+ ef2 x‘
j=i j=i
(WAG.71) mi = p^d- xf1 
(WAG.72) m = X Orm,
Volume of imports of good ii e M 8m
Domestic-currency value of imports of good ii € M 8m
Value of all imports1
ie M











(WAG.73) Cj = pf+ xf 
(WAG.74) e Cj
ieE
(WAG.75) d = pD pc + aD
Domestic-currency value of exports of good ii e E ge
Value of all exports1
Nominal exchange rate indexed to CPI1
5gn + 2gmn + lOg + 8n + 8gm + 4ge + 50
The set of components of the agricultural composite commodity k is denoted by A(k) for k = 3, 4, 5. Note that A(3), A(4) and A(5) are non­
overlapping (see Table 4.2). The set of goods that are exportables is denoted by E and the set goods that are importables is denoted by M.
Notes: 1.
On nomenclature / taxonomy, WAG tends to follow closely the conventions of its predecessor WAG (Clements el al. 1996). However, the 
following points are noteworthy:
(a) . Roman letters in “lower case” represent the log-change of the corresponding level variable in “upper case” Roman letters. For example, if X
represents the quantity of demand then its log-change is represented by x = dln(X) = dX/X.
(b) . The lower-case Roman letters are used for subscripts throughout (with the associated range specified). For superscripts, both upper and lower
ccases Roman letters are used. In most cases, the upper case letters are used to denote various uses; for example, xi denotes the log-change in 
household consumption of commodity i, xythe log-change in demand for intermediate input i by industry j, and so on; the two exceptions 
being the case of exports (denoted by e rather than E) and imports (denoted by m rather than M).
(c) . Autonomous shift terms are denoted by a, distinguished by uses, accompanied with appropriate subscripts and superscripts.
(d) . Greek lower-case letters are used to denote elasticities.












1 *Autonomous trend in total consumptiona
c
i = 1, g *Autonomous trend in consumption of good i 
from both sources of supply
a g
Cs For s =1, i=l,...,g 
For s = 2, i e M
♦Conditional autonomous trend in consumption 
of good i from source s
a g
gm
aD i ♦Autonomous trend in exchange rate




j = 2,n n-1 ♦Autonomous trend in the composite demand 
for primary factors in non-agricultural industry j
a
j
FI 1 ♦Autonomous trend in pre-tax wagesa
Fm m = 1, 2 
j = 2,n
2(n - 1) ♦Conditional autonomous trend in demand
for primary factor m in non-agricultural industry j
a
j
F m m = 2, 3 2 ♦Conditional autonomous trend in demand 
for capital and land in industry agriculture
a j
j = l
G 1 ♦Autonomous trend in government spendinga
G ♦Autonomous trend in government demand for 
good i
i = 1,na g
Gs For S=l, 1=1 
For s = 2, i 6 M
♦Conditional autonomous trend in government 
demand for good i from source s
a g gV5
gm
I ♦Autonomous trend in demand for composite 
intermediate input in industry Agriculture
j = l 1









(1) (2) (3) (4)
i i = 1,.... g; 
j = 1..... n
♦Autonomous trend in demand for intermediate 
input i from both sources in industry j
a gnij
a!f For S =1, i=l,...,g 
For s=2, i e M 
j = 1, n
♦Conditional autonomous trend in demand 




ak For k = 1,5, j = 1 5 ♦Autonomous trend in (top-level) agricultural 
commodity supply
J
ki ♦Conditional autonomous trend in (individual) 
agricultural commodity supply
For k = 3, r = 3,4 7a J
For k = 4, r = 5,7 
For k = 5, r = 8, 9
j = l









i = 1,.... g, j = 1, n ♦Autonomous trend in the investment spent 
on good i by industry j
a gnU
a-f For S=l, i=l,...,g 
For s = 2, i e M 
j = 1,n
♦Conditional autonomous trend in the 
investment spent on good i from source 
s in industry j
gnij
gmn
♦Exchange rate (the domestic-currency price 
of a unit of foreign exchange)
d 1
Value of exports of all goods1e
Value of exports of good ii e E6i ge
Gross state product in nominal terms1gsp
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Variable Number of 
variables
Description
(1) (2) (3) (4)
gspF 1 Gross state product at factor cost
gspR Gross state product in real terms1
F m m= 1, 2, 3 3 Income accruing to primary factor minc
k j = i *Capital stock in industry jn nj » •••»
t 1 Aggregate level of employment
Total value of imports1m
Value of imports of good ii e Mm. Sm
j= 1 1 *Land used in agricultureni
c Consumer price index1P
c Price of consumer good i from both sources 
of supply
i= 1, gP, g
Cs For S=l,i=L.-,g 
For s =2, ie M
Price of good i from source sP, g
Sm
Pf i e E Internal price of exportable ig=
Pi* Foreign-currency price of exportable ii s E &
Fm 2n Price of primary factor m used in industry jm = 1, 2 
j = 1,n
Pj
F m Price of land used in industry Agriculturem=3, j = 1 1Pj
—FI 1 *Pre-tax wageP
(continued on next page)
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(1) (2) (3) (4)
—F2
j = L n Pre-tax price of capital employed in industry jPj n
—F3
j = l 1 Pre-tax price of land employed in agriculturePi
j = l Price of composite intermediate input used 
in agriculture
1Pt
p!1 For t=l,i=l,...,g 
For t = 2, i e M
Price of intermediate input i from source tg
gm
k
Pt k = 1,5, j = l 5 Price of the top-level output k produced by 
industry Agriculture
pr i e M Internal price of importable igm
pr* i e M *Foreign-currency price of importable iom
O
i = I,-, g Price of commodity iPi g
vi
i = 1, n Price of domestically-produced investment 
good i
Pi g
V2 i e M Price of imported investment good iP, gm
Total consumption in real terms1q
N 1 Total consumption expenditure in nominal termsq
Total tax revenue1r
c Revenue from all consumption taxes1r
rCOM Commodity tax revenue1
re Tax revenue from all exports1
(continued on next page)
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(1) (2) (3) (4)
F 1 1 Revenue from taxation of labourr
F 2 Revenue from taxation of capital1r
F3 1 Revenue from taxation of landr
i
i = L g, j = 1 Price of intermediate input i from both sources 
used in agriculture
Pit g
i 1 Revenue from all input taxesr
rlND Tax revenue from factor uses1
rm 1 Tax revenue from all imports
v 1 Revenue from all investment taxesr




t, i e M *One plus consumption tax rate on imported 
good i
gm
t£ i e E *One plus the ad valorem rate of export subsidygei
tF1 j = L n *One plus the tax rate on labour in industry jnj
F 2
j = 1, n *One plus tax rate on capital employed in 
industry j
*One plus tax rate on land used in 
agriculture




tF3 j = l 1
t!1 i = L g gi
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0) (2) (3) (4)
t.12 i e M *One plus input tax rate on imported input i
tm i e M *One plus the ad valorem tariff rate on imports of iSmi
i = 1,g *One plus input tax rate on domestically 
produced investment good i
g
V2




i = 1> —» g Quantity demanded by consumers of good I 
from both sources of supply
X. g
Cs For S=l,i=l,...,g 
For s = 2, i e M




xf Export volume of good ii e E gc
F
j = 2,n Quantity demanded of primary factors as a 
whole in non-agriculture industry j
n - 1Xi
FZ
j = i Quantity of the quasi-fixed composite input 
used in agriculture
1Xj
Fm 2n Quantity demanded of primary factor m in 
industry j
m = 1, 2 
j = 1 ,.... n
Xi
Fm Area of land used in industry agriculturem=3, j = 1 1Xt
G Government expenditure on all goods1x
(continued on next page)
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(1) (2) (3) (4)
G
i = 1, g Government expenditure on good i from both 
sources
X g
Gs For s=l, i=l,...,g 
s = 2, i e M





j = 1 1 Quantity demanded of composite intermediate 
input used in agriculture
Xi
x1xij i = 1,g; ,j = 1,.... n Quantity demanded of intermediate input i 
from both sources used in industry j
gn
xIsij For S=l,i=l,...,g 
For s = 2, i € M 
j = 1,n
Quantity demanded of intermediate input i 
from source s used in industry j.
gn
gn,n
X"1 i e M Quantity demanded of imports of i
V
j = 1,n Total investment by industry jXj n
v i, j = 1,n Investment on good i from both sources 
of supply by industry j
XU gn
Vs For S=l, 1=1,..., g 
For s = 2, i s M 
j = 1, •••, n




j = 1,g Total supply of commodity i by all industriesy, gi •
j = 1,n Activity level of industry jy.j n
For, j = 2,n, i= 1, •••, g g(n-l) 
For, j = 1, i = 1,9
Supply of commodity i by non-agricultural_industry j 
Supply of commodity by agriculture
yij
9
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Variable Number of 
variables
Description
(1) (2) (3) (4)
k k= 1,5, j = 1 5 Quantity of the top-level output k produced by 
agriculture
Total endogenous variables: 
Total exogenous variables:
5gn + 2gmn + lOg + 8n + 8gm + 4g,. + 50 
4gn + 2gmn + 7g + 7n + 7gm + 2ge + 19
Total variables 9gn + 4gmn + 17g + 15n + 15gm + 6ge + 69
Notes: 1. Variables are expressed in log-change form.
2. Variable descriptions marked with an asterisk (*) in column 4 represent the default list of 
exogenous variables that constitutes the standard economic closure/environment for WAG 
simulations. The actual closures used for the simulations in this paper differ from the 










(1) (2) (3) (4)
P 1 GSP elasticity of total consumption
P' i = 1, g Income elasticity of demand for good 
i from both sources of supply
g
PP For S=l,i=l 
For s = 2, i e M
Conditional income elasticity of 
demand good i from source s
g g
§m
PD i Indexing parameter linking nominal 
exchange rate to CPI
eS' j = 2,n (n-1) Output elasticity of composite
demand for primary factors as a 
whole in industry j
1 Indexing parameter linking nominal 
wages to the CPI
PP j = 2,n 2(n-l) Conditional output elasticity of 
demand
for primary factor m in non- 
agricultural industry j
m = 1,2
PP j = 1 2 Conditional elasticity of demand for
primary factor m in industry 
Agriculture
m = 2, 3
PG 1 GSP elasticity of government 
spending
P? i = 1,g Elasticity of government demand for
good i with respect to total 
government spending
g
pGs For S=l,i=l,...,g 
For s=2, i e M
Conditional elasticity of government 
demand for good i from source s
g
gm
P i = 1,n; g(n-l) Output elasticity of demand for
intermediate input i from both sources 
in non-agricultural industry j
ij
j = 2,n
(continued on next page)
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Parameter Number of 
parameters
Description
(1) (2) (3) (4)
p,1; For S=l,i=l,...,g
For s = 2, i e M 
j = 1,n
Conditional output elasticity of
demand for intermediate input i from 
source s in non-agricultural industry j
gn
gmH
k = 3, i = 3,4, j = 1 2 Conditional output elasticity of the
ith component of composite 
agricultural commodity Grains
Pf k = 4, i = 5,..., 7, j = 1 3 Conditional output elasticity of the
ith component of composite 
agricultural commodity Beef & other 
meat
Pf k = 5, i = 8, 9, j = 1 2 Conditional output elasticity of the
ith component of composite 
agricultural commodity Agriculture 
n.e.c.
0) j = 1. n Output elasticity of total investment 
by industry j
n
i = 1, g 
j = 1,n
Investment elasticity of investment 
spent on goods from i by industry j
gn
P? For S=l, i=l,...,g 
For s=2, i e M 
j = I,-, n
Conditional investment elasticity of 
investment spent on good i from 
source s in industry j
gn
gmn
*<Df ie E Share of exports i in total exportsge
* <pFm j = 2,n 
m= 1,2
2(n - 1) Cost share of primary factor m in the
total costs of non-agricultural 
industry j
j
*oFm 3 Cost share of primary factor m in the 





For S=l, i=l,...,g 
For s = 2, i e M 
j = 1, n
Cost share of intermediate input i














(1) (2) (3) (4)





For j = 2,n, i = 1,g g(n - 1) 
For j = 1, i = 1,9
Revenue share of commodity i 
produced by industry j




*rcl i = 1, g Share in revenue of consumption taxes 
on domestically-produced good i
g
*rC2 i e M Share in revenue of consumption 
taxes on imported good i
§m
COM*r Share of commodity taxes in total tax1
revenue
* pe 1 Share of export taxes in commodity
tax revenue
*rf ie E Share in total export tax revenue 
accounted for by exports of i
§e
*1^ 1 Share of payroll taxes in total tax 
revenue attributable to factor uses




*rF2 Share of revenue from taxation of1
capital in total tax revenue 
attributable to factor uses




*1^ Share of revenue from taxation of1
land in total tax revenue attributable 
to factor uses







Parameter Number of 
parameters
Description
(1) (2) (3) (4)
r1 Share of intermediate input taxes in 
total commodity tax revenue
1
* r11 
1 ij i = 1, g
j = 1. n
Share in revenue of input taxes on 
domestically-produced input i used
byj
gn
* p12 Aij i e M Share in revenue of input taxes on 
imported input i used by j
gm11
j = 1,n
IND*r 1 Share in total tax revenue of taxes on
factor uses
j-»ni i Share of import tariff in total 
commodity tax revenue
*rm i e M Share in total tariff revenue 
accounted for by imports of i
gm
rv i Share of investment taxes in total 
commodity tax revenue
*rv>Aij i = 1, g 
j = 1,n
Share of tax revenue from domestically-
produced investment good i used by 
industry j
gn
*TV2Aij ie M Share of investment tax revenue 
accounted for by imported input i in j
gmn
j = 1,n
g2i, v= 1,g, Compensated price elasticity of
demand for good i with respect to the 
price of v
Cst For s=t=l,
For s = t = 2, i e M
2g Conditional compensated price elasticity 
of demand for good i from source s 
with respect to the price of the same 
good from sources t
Tli
2gm
e* i e E Foreign price elasticity of demand 
for the ith export
ge
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(1) (2) (3) (4)
Fmn j = 2,n 
m, n = 1, 2
4(n - 1) Non-agricultural industry j’s conditional
price elasticity of demand for 
primary factor m (labour for m = 1,
& capital for m = 2) with respect to 
the price of primary factor n
Fmn
j=l Agriculture’s conditional price elasticity
of demand for primary factor m 
(capital for m=2, & land for m = 3) 
with respect to the price of primary 
factor n
4
m, n = 2, 3
j=l Own-price elasticity of demand for
composite intermediate input used in 
industry Agriculture
1
k = 1,5, j = 1 5 Elasticity of demand for composite
intermediate input w.r.t. price of top- 
level commodity k, in industry 
Agriculture
j = l Elasticity of demand for composite
intermediate input used in industry 
Agriculture w.r.t. wage
1
1st For S=t=l, i=l,...,g 
For s = t = 2, i e M 
j = 1,n
2gn Conditional price elasticity of 
demand for good i from source s with 
respect to the price of the same good 
from source t, used by industry j
2gmn
j= 1 Elasticity of demand for composite
intermediate input used in industry 
Agriculture w.r.t. the level of quasi- 
fixed factors
1
j = l Elasticity of labour demand by
industry Agriculture w.r.t. composite 
price of intermediate inputs
1
Lk k = 1,..., 5, j = 1 5 Elasticity of labour demand by
industry Agriculture w.r.t. price of 
top-level commodity k










0) (2) (3) (4)
LL
j=l 1 Wage elasticity of labour demand by 
industry Agriculture
uz
j = l 1 Elasticity of labour demand by
industry Agriculture w.r.t. the level 
of quasi-fixed factors
k= 1,5, j = 1 5 Supply elasticity of top-level
agricultural commodity k w.r.t. 
composite price of intermediate 
inputs
kb k, b = 1, ..., 5, j = 1 25 Supply elasticity of top-level
agricultural commodity k w.r.t. the 
price of top-level commodity b
kL k = 1,..., 5, j = l 5 Supply elasticity of top-level 
agricultural commodity k w.r.t. wage
kZ k = 1,..., 5, j = 1 5 Supply elasticity of top-level
agricultural commodity k w.r.t. the 
level of quasi-fixed factors
kit k = 3, i. t = 3,4, j = 1 4 Conditional supply elasticity of the
ith component of composite 
agricultural commodity Grains w.r.t. 
price of component t
kit k = 4, i, t = 5, ...,7 j = 1 9 Conditional supply elasticity of the tth
component of composite agricultural 
commodity Beef & other meat w.r.t. 
price of component t
kit k = 5, i> t = 8, 9, j = 1 4 Conditional supply elasticity of the
ith component of composite 
agricultural commodity Agriculture 
n.e.c. w.r.t. price of component t.
COM* A 1 Share of net commodity taxes in GSP
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0) (2) (3) (4)
* Ac i = 1,g Budget share of good i from both 
sources
g
* ACs For S=l, i=l,...,g 
For s = 2, i e M
Share in total expenditure on good ig
from source s§m
* af Share of value-added in GSP1
* AF j= 1,..., n Share of total employment accounted 
for by industry j
n
J
* A1 i= 1,g,j = 1 Share in total material costs in
Agriculture of good i from both 
sources
g
*Ak s= 1,2, i= 1,-, g,j = 1 2g Share in total material costs for good 
i from source s, used in Agriculture
* A1^ k = 3,..., 5, rE A(k) 2 + 3+2 Share of aggregate revenue from
composite agricultural commodity k 
accounted for by the component 
commodity r
*0C1 i = 1, g Share of consumer demand in the 
aggregate demand for domestic good i
gi
*0C2 i € M Share of imports of i accounted for 
by consumer demand
§m.
*0e i e E Share of export demand in aggregate 
demand for domestic good i
§ei
*0G1 Share of government demand in 
aggregate demand for domestic good i
i = 1,..., g gi
*0G2 Share of imports of i accounted for 
by government demand
ie Mi







Parameter Number of 
parameters
Description
(1) (2) (3) (4)
*©"
j = 1, n
Share of intermediate demand by
industry j for domestically-produced 





i e M Share of imports of i accounted for
by industry j’s intermediate input 
demand
j =
*©0Wij i= 1,..., g 
j = 1, —» n
Industry j’s share in total production 
of commodity i
gn
*©V1wij i = I,-, g 
j = 1, n
Share of investment demand by
industry j for domestically-produced 
good i in aggregate demand for 
domestic good i
gn
*©V2 i e M Share of imports of i accounted for 
by industry j’s investment demandj = 1..... n
*QC1 i= I,-, g Ratio of the power of tax rate on
domestically-produced 
good i to the tax rate on that good
g
consumer
*QC2 i e M Ratio for the power of tax rate on
imported consumer good i to the tax 
rate on that good
i
*Qe i e E Ratio of the power of export subsidy 
rate to that subsidy rate
gei
Ratio of the power of tax rate on 
labour in i to that tax rate
j = L n nJ
*£2F2 Ratio of the power of tax rate on 
capital to that tax rate
j = b-.g nJ
*qF3 Ratio of the power of tax rate on land 
to that tax rate
j = 1 1J
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(1) (2) (3) (4)
*Q,n i = 1,g Ratio of the power of tax rate on
domestically-produced input i to the 
tax rate on that input
g
*Q1 2 i e M Ratio of the power of tax rate on
imported input i to the tax rate on 
that input
*qT i e M Ratio of the power of tariff rate to 
that tariff rate
*QV1 i = 1,g Ratio of the power of tax rate on
domestically-produced investment 
good i to the tax rate on that good
gi
*Q,V2 Ratio of the power of tax rate on
imported investment good i to the tax 
rate on that good
ie M §m
* xj/Fm Share of factor m in gross state 
product measured at factor cost
m = 1, 2, 3 3
* vpFm j = 1,n 
m = 1, 2
Share of income earned by factor m 
generated in industry j
2n
J
Note: An asterisk (*) preceding a parameter indicates that the parameter is a share or a ratio.
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TABLE A 1.4
THE COMPLETE LIST OF WAG COMMODITIES AND INDUSTRIES









9 New industries & other agriculture
1. Agriculture
210 Dairy
Services to agriculture; hunting & trapping 
12 Forestry & logging 
Commercial fishing
14 Coal
15 Oil & gas
16 Iron ores 
Non-ferrous metal ores
18 Other mining
Services to mining 
20 Meat & meat products 
Dairy products
22 Fruit & vegetable products 
Oils & fats
24 Flourmill products & cereal foods 
Bakery products
26 Confectionery
27 Other food products 
Soft drinks, cordials & syrups
29 Beer & malt
30 Wine & spirits 
Wool scouring





Leather & leather products 
Sawmill products
Plywood, veneer & fabricated wood 
40 Other wood products
Pulp, paper & paperboard 
Paperboard containers, paper bags & sacks 
& other paper products 
Printing & services to printing 
Publishing; recorded media & publishing 
Petroleum & coal products 
46 Fertilisers
Other basic chemicals 
Paints
Soap & other detergents 
Medicinal & pharmaceutical 
products, pesticides & other chemical products 
Rubber products 
52 Plastic products
Glass & glass products 
54 Ceramic products
Dairy
Services to agriculture; hunting & trapping 
Forestry & logging 
Commercial fishing 
Coal





Meat & meat products
Dairy products
Fruit & vegetable products
Oils & fats













Leather & leather products 
Sawmill products
Plywood, veneer & fabricated wood
Other wood products
Pulp, paper & paperboard
Paperboard containers, paper bags & sacks
& other paper products
Printing & services to printing
Publishing; recorded media & publishing
Petroleum & coal products
Fertilisers
Other basic chemicals 
Paints
Soap & other detergents
Medicinal & pharmaceutical products; pesticides
& other chemical products
Rubber products
Plastic products
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TABLE A1.4 (continued)
THE COMPLETE LIST OF WAG COMMODITIES AND INDUSTRIES
WAG commodity WAG industry
55 Cement & lime
56 Concrete slurry 
Plaster & other concrete products
58 Other non-metallic mineral products
59 Iron & steel
60 Basic non-ferrous metal & products 
Structural metal products
62 Sheet metal products
63 Fabricated metal products
64 Motor vehicles & parts 
Ships & boats
66 Railway equipment 
Aircraft
68 Photographic & scientific equipment
69 Electronic equipment
70 Household appliances 
Other electrical equipment
72 Agricultural machinery
Mining & construction machinery; lifting 
& material handling equipment











85 Accommodation, cafes & restaurants
86 Road transport
87 Rail, pipehne & other transpon
88 Water transport
89 Air & space transport




94 Financial asset investors
95 Insurance
96 Services to finance, investment & insurance
97 Ownership of dwellings
98 Other property services
99 Scientific research, technical & computer services
100 Legal, accounting, marketing & business 
management services






107 Motion picture, radio & television services
108 Libraries, museums & the arts
109 Sport, gambling & recreational services
110 Personal services
111 Other services
112 Sales by final buyers
113 Complementary impons cif
47 Cement & lime 
Concrete slurry
Plaster & other concrete products 
50 Other non-metallic mineral products 
Iron & steel
Basic non-ferrous metal & products 
Structural metal products 
Sheet metal products 
Fabricated metal products 
Motor vehicles & parts 
Ships & boats 
Railway equipment 
Aircraft
60 Photographic & scientific equipment 
Electronic equipment 
62 Household appliances
Other electrical equipment 
Agricultural machinery 
Mining & construction machinery; lifting 
& material handling equipment 




70 Electricity supply 
Gas supply
72 Water supply; sewerage & drainage services 
Residential building construction 
74 Other construction 
Wholesale trade 
76 Retail trade
Accommodation, cafes & restaurants 
78 Road transport
Rail, pipeline & other transport 
80 Water transport
Air & space transport 




86 Financial asset investors 
Insurance
Services to finance, investment & insurance
89 Ownership of dwellings
90 Other property services 
Scientific research, technical & computer services
92 Legal, accounting, marketing & business 
management services 
Other business services 





99 Motion picture, radio & television services
100 Libraries, museums & the arts
101 Sport, gambling & recreational services
102 Personal services
103 Other services






































COST STRUCTURE OF WAG INDUSTRIES
(Percent)
WAG industry Intermediate inputs Input taxes Primary factor Total
Local Imported Labour Capital Land
1 Agriculture
2 Dairy
3 Services to agriculture; 
hunting & trapping
4 Forestry & logging
5 Commercial fishing
6 Coal
7 Oil & gas
8 Iron ores
9 Non-ferrous metal ores
10 Other mining
35.7 24.8 6.81.2 17.0 14.5 100
42.0 13.8 10.64.4 29.2 .0 100
26.4 10.1 1.7 27.2 34.6 .0 100
42.4 4.4 34.6.5 18.1 .0 100
33.3 30.9 2.1 17.9 15.8 .0 100
33.8 7.3 26.0 33.0 .0 1001
13.7 6.5 -.2 4.7 75.2 .0 100
20.4 19.4 -.2 14.9 45.4 .0 100
37.4 29.1 -.2 12.9 20.8 .0 100
26.8 16.4 -.6 13.3 44.1 .0 100
11 Services to mining
12 Meat & meat products
13 Dairy products
14 Fruit & vegetable products
15 Oils & fats
16 Flourmill products & cereal foods
17 Bakery products
18 Confectionery
19 Other food products
20 Soft drinks, cordials & syrups
47.4 25.9 27.21 -.4 .0 100
70.5 4.6 17.0 6.21.7 .0 100
61.2 18.2 10.0.4 10.2 .0 100
62.3 14.1 1.3 15.1 7.2 .0 100
55.7 22.5 .4 13.0 8.4 .0 100
59.9 10.3 1.4 12.0 16.4 .0 100
44.0 19.8 1.4 27.2 7.6 .0 100
51.8 12.4 1.2 21.2 10013.4 .0
64.1 13.0 1.0 13.0 8.9 .0 100
47.8 29.2 2.5 12.2 8.3 .0 100
21 Beer & malt
22 Wine & spirits
23 Wool scouring
24 Textile fibres, yams 
& woven fabrics
25 Textile products
26 Knitting mill products
27 Clothing
28 Footwear
29 Leather & leather products
30 Sawmill products
49.9 10.9 .8 12.1 26.4 .0 100
56.4 10.7 1.7 13.7 17.5 .0 100
77.1 6.3 6.0 7.5 3.2 .0 100
53.3 18.3 .9 22.4 5.1 .0 100
35.5 36.8 19.1.3 8.2 .0 100
37.7 30.7 22.8.1 8.8 .0 100
36.9 35.4 -.2 21.8 6.1 .0 100
41.4 21.3 .4 30.8 6.1 .0 100
61.2 19.8 .6 16.1 .0 1002.2
46.5 20.1 100.7 20.0 12.7 .0
31 Plywood, veneer & fabricated wood 52.4
32 Other wood products
33 Pulp, paper & paperboard
34 Paperboard containers; 
paper bags, sacks & others
35 Printing & services to printing
24.5 .9 17.8 .0 1004.4
48.9 18.6 100.2 23.9 8.3 .0
47.1 15.7 .8 .0 10017.7 18.7
38.9 30.2 2.7 18.4 9.8 .0 100
27.6 33.5 2.6 26.7 9.7 .0 100
(continued on next page)
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TABLE A 1.5 (continued)
COST STRUCTURE OF WAG INDUSTRIES
(Percent)
WAG industry Intermediate inputs Input taxes Primary factor Total
Local Imported Labour Capital Land
36 Publishing;
recorded media & publishing
37 Petroleum & coal products
38 Fertilisers
39 Other basic chemicals
40 Paints
41 Soap & other detergents
42 Medicinal & pharmaceutical 
products; pesticides & others
43 Rubber products
44 Plastic products
45 Glass & glass products
34.6 19.6 1.6 26.6 17.7 .0 100
41.8 48.7 .9 2.9 5.8 100.0
39.0 38.9 3.4 9.4 9.2 .0 100
44.1 29.2 .9 13.3 12.5 .0 100
38.2 29.2 1.7 15.5 15.4 .0 100
46.3 27.4 1.0 12.8 12.6 .0 100
50.4 23.6 .8 14.4 10.9 .0 100
48.1 19.7 1.0 23.2 8.1 100.0
42.9 24.1 20.8.5 11.7 .0 100
40.6 19.3 16.21.2 22.7 100.0
46 Ceramic products
47 Cement & lime
48 Concrete slurry
49 Plaster & other concrete products 47.3
50 Other non-metallic mineral products 42.4
51 Iron & steel
52 Basic non-ferrous metal & products 49.9
53 Structural metal products
54 Sheet metal products
55 Fabricated metal products
35.0 21.0 1.9 26.9 15.2 .0 100
49.0 9.4 2.7 14.0 24.9 .0 100
76.0 10.4 .3 10.9 2.3 100.0
.612.9 20.5 18.6 .0 100
24.3 19.81.1 12.4 .0 100
60.7 11.7 .6 18.3 8.7 .0 100
25.2 1.6 12.1 11.3 .0 100
38.4 31.6 19.7 9.9.4 .0 100
41.4 27.4 .7 19.8 10.7 .0 100
43.9 20.5 25.6.7 9.4 .0 100
56 Motor vehicles & parts
57 Ships & boats
58 Railway equipment
59 Aircraft
60 Photographic & scientific equip.
61 Electronic equipment
62 Flousehold appliances
63 Other electrical equipment
64 Agricultural machinery
65 Mining & construction machinery; 
lifting & material handling equip.
45.9 34.3 .8 15.4 3.6 .0 100
26.0 52.1 .9 16.0 4.9 .0 100
53.3 13.7 6.7.5 25.8 .0 100
40.7 20.6 1.2 43.6 -6.0 .0 100
32.1 25.1 30.4 10.91.5 .0 100
33.3 35.4 1.2 17.9 12.3 .0 100
38.4 29.7 2.7 19.4 9.8 .0 100
45.4 20.3 22.6 10.6 .0 1001.1
31.0 37.2 6.71.3 23.9 .0 100
28.2 40.3 1.0 25.7 4.9 .0 100





28.4 33.4 28.7 8.4 .0 1001.1
16.943.5 35.9 .4 3.3 .0 100
38.8 29.4 26.1.5 5.1 .0 100
41.6 1.6 16.233.5 7.1 .0 100
48.3 3.1 1.0 12.4 35.2 .0 100
(continued on next page)
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TABLE A 1.5 (continued)
COST STRUCTURE OF WAG INDUSTRIES
(Percent)
WAG industry Intermediate inputs Input taxes Primary factor Total
Local Imported Labour Capital Land
71 Gas supply
72 Water supply; sewerage 
& drainage services
73 Residential building construction
74 Other construction
75 Wholesale trade + repairs
55.6 5.6 .5 15.3 23.0 .0 100
20.3 11.4 2.0 27.0 39.2 .0 100
45.1 14.9 .8 28.111.1 .0 100
30.4 19.8 .9 16.732.2 .0 100
25.5 9.9 1.6 36.0 27.0 .0 100
76 Retail trade + repairs
77 Accommodation, cafes & restaurants39.9
78 Road transport
79 Rail, pipeline & other transport
80 Water transport
33.1 10.7 1.8 35.3 19.3 .0 100
12.0 .4 34.4 13.2 .0 100
28.7 9.2 4.3 20.1 37.8 .0 100
26.6 4.9 1.3 52.8 14.4 .0 100
37.9 34.9 2.3 8.7 16.2 .0 100
81 Air & space transport




86 Financial asset investors
87 Insurance
88 Services to finance, 
investment & insurance
89 Ownership of dwellings
90 Other property services
34.1 17.5 8.8 20.0 19.6 .0 100
35.6 11.3 1.5 24.5 27.1 .0 100
23.2 10.8 1.4 32.0 32.6 .0 100
33.9 6.3 .6 32.4 26.8 .0 100
53.1 2.4 26.4.7 17.4 .0 100
15.1 6.4 .5 24.7 53.3 .0 100
39.3 4.4 .8 41.2 14.2 .0 100
19.4 2.8 .5 21.1 56.2 .0 100
25.3 4.2 .9 .0 69.5 .0 100
30.6 14.3 33.81.1 20.2 .0 100
91 Scientific research, technical 
& computer services
92 Legal, accounting, marketing
& business management services






99 Motion picture, radio 
& television services
100 Libraries, museums & the arts




104 Sales by final buyers
105 Complementary imports
29.0 15.6 1.3 33.6 20.5 .0 100
36.0 9.2 1.1 33.5 20.1 .0 100
36.7 6.6 1.2 35.1 20.4 .0 100
48.9 10.7 .0 36.3 4.1 .0 100
43.3 19.2 36.1 .0 1001 1.5
6.7 2.8 .1 82.4 7.9 .0 100
19.8 10.1 .8 57.6 11.6 .0 100
34.1 11.5 2.0 48.0 .0 1004.4
53.3 14.0 1.2 .0 10017.3 14.1
24.0 9.6 .7 50.4 15.2 .0 100
16.842.2 1.3 19.6 20.1 .0 100
16.939.9 3.0 16.5 .023.7 100
22.7 7.8 1.3 64.2 4.0 .0 100
.0 .0.0 .0 50.0 50.0 100
.0 .0 .0.0 50.0 50.0 100
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TABLE A 1.6















New industries & Other agriculture 
Dairy cattle
49.7 .2 .0 .0 50.6 100
2 24.8 .2 .0 .0 75.6 100
3 9.2 .3 .0 .0 83.1 100
4 21.4 .3 .0 .0 71.0 100
5 86.5 1.2 .0 .0 12.5 100
6 88.5 .4 .0 .0 11.3 100
7 60.6 18.9 .0 .0 21.9 100
8 50.4 41.0 .0 .0 9.5 100
9 50.4 41.0 .0 .0 9.5 100
10 99.7 .0 .0 .0 .0 100
11 Services to agriculture; 
hunting & trapping 
Forestry & logging 
Commercial fishing 
Coal
Oil & gas 
Iron ores
Non-ferrous metal ores 
Other mining 
Services to mining 
Meat & meat products
84.7 1.8 6.9 .0 6.7 100
12 62.7 1.8 21.4 8.1 5.9 100
13 11.0 12.3 .7 .0 79.8 100
14 98.1 .0.1 .6 1.3 100
15 17.2 .3 .0 .0 82.4 100
16 5.3 .0 .0 .0 95.7 100
17 10.5 .0 .0 89.7.1 100
18 19.9 .0 .0 .0 80.3 100
19 53.4 .0 .6 .9 45.1 100
20 17.2 38.4 .0 .1 48.2 100
21 Dairy products
Fruit & vegetable products
Oils & fats








Textile fibres, yams & woven fab. 
Textile products 
Knitting mill products 
Clothing
28.6 60.8 .0 .2 14.1 100
22 11.5 79.3 .0 1.3 11.3 100
23 35.1 39.6 .0 .2 29.1 100
24 48.7 45.4 .0 9.6.1 100
25 11.4 92.9 .0 .1 .0 100
26 81.117.7 .0 .6 1004.7
27 36.7 43.9 .0 1.3 22.9 100
28 4.2 89.9 .0 11.0 100.1
29 13.8 80.6 .0 .1 12.4 100
30 18.3 63.5 .0 .2 21.2 100
31 6.6 .0 .0 .0 95.7 100
32 74.8 14.8 .0 .3 7.8 100
33 34.1 43.4 .0 11.4 7.4 100
36.2 .034 53.5 .2 4.0 100
35 80.610.1 .0 .2 4.0 100
(continued on next page)
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TABLE A 1.6 (continnued)





Private Government Investment Exports 
consumption consumption
36 Footwear
37 Leather & leather products
38 Sawmill products
39 Plywood, veneer & fabricated wood 63.7
40 Other wood products
41 Pulp, paper & paperboard
42 Paperboard containers; paper bags 
& sacks & other paper products
43 Printing & services to printing
44 Publishing; 
recorded media & publishing
45 Petroleum & coal products
12.9 76.7 .0 5.9 100.1
44.1 9.1 .0 46.0.5 100
78.1 .3 .0 .5 22.4 100
.1 .0 .3 36.4 100
88.4 .8 .0 5.5 5.3 100
88.4 1.8 .0 .0 6.2 100
81.0 8.9 .0 2.2 2.7 100
87.8 6.9 .9 .3 1003.1
70.8 19.4 .0 8.7 1001.1
68.7 19.0 .0 .5 13.0 100
46 Fertilisers
47 Other basic chemicals
48 Paints
49 Soap & other detergents




53 Glass & glass products
54 Ceramic products
55 Cement & lime
79.2 4.1 .0 12.8 100.1
69.4 .4 .0 .4 29.3 100
94.6 .3 .0 .0 1.8 100
34.8 55.9 .0 .3 4.6 100
65.5 19.0 .0 .2 12.3 100
64.1 25.5 .0 7.6.7 100
73.7 13.4 .0 .9 8.9 100
90.1 3.0 .0 .2 7.0 100
53.3 1.9 .0 .5 44.8 100
102.3 .6.0 .0 100.1
56 Concrete slurry
57 Plaster & other concrete products
100.2 
96.7
58 Other nonmetallic mineral products 52.4
59 Iron & steel
.0 .0 100.1 .0
.1 .0 .6 2.2 100
.1 .0 4.0 43.7 100
88.0 .0 .0 2.6 9.8 100
60 Basic nonferrous metal & products
61 Structural metal products
62 Sheet metal products
63 Fabricated metal products
64 Motor vehicles & parts
65 Ships & boats
11.2 .1 .0 .2 89.3 100
80.4 .2 .0 4.3 15.1 100
56.4 2.3 .0 35.0 4.1 100
80.1 8.62.8 .0 5.9 100
34.0 6.6 10017.8 .0 43.1
16.7 21.8 1002.2 .0 58.8
66 Railway equipment
67 Aircraft
68 Photographic & scientific equip.
69 Electronic equipment
70 Household appliances
38.5 56.5 .0 100.1 .0
.0 .0 10081.3 1.2 17.5
19.1 10048.2 7.0 .0 25.0
10.6 10054.3 .0 19.2 15.7
25.9 34.5 .0 30.4 5.3 100








Private Government Investment Exports 
consumption consumption
71 Other electrical equipment 
Agricultural machinery 
Mining & construction machinery; 
lifting & material handling equip. 







sewerage & drainage services
6.171.3 .0 17.3 5.7 100
72 25.9 15.0 .0 54.1 4.0 100
73
53.5 .1 .0 42.5 4.1 100
74 35.0 .3 .0 53.4 11.9 100
75 15.3 .1 .0 47.1 36.6 100
76 7.4 39.1 .0 44.3 4.3 100
77 49.5 22.2 .0 5.1 22.2 100
78 81.9 18.1 .0 .0 .0 100
79 74.4 25.6 .0 .0 .0 100
80
97.5 .0 2.5 .0 .0 100
81 Residential building construction 6.3 
Other construction 
Wholesale trade + repairs 
Retail trade + repairs 
Accommodation, cafes & restaurants 21.9 
Road transport
Rail, pipeline & other transport 
Water transport 
Air & space transport 
Services to transport; storage
.0 .0 93.6 .0 100
82 7.2 .0 88.44.3 .0 100
83 48.0 24.4 18.3 8.8.1 100
84 11.7 87.2 .0 1.1 .0 100
85 78.1 .0 .0 .0 100
86 25.657.1 .6 3.4 13.4 100
87 46.8 35.4 .0 .9 16.6 100
88 29.5 16.9 .0 .4 53.1 100
89 52.7 33.1 .0 1.1 13.1 100




94 Financial asset investors
95 Insurance
96 Services to finance, 
investment & insurance
97 Ownership of dwellings
98 Other property services
99 Scientific research, technical 
& computer services
100 Legal, accounting, marketing & 
business management services
70.5 27.8 .1 .0 1.6 100
80.3 19.6 .0 .0 .1 100
81.6 17.4 .2 .0 .7 100
62.8 .0 .0 .0 37.2 100
46.751.1 1.6 .0 .6 100
93.2 6.3 .0 .0 .5 100
.0 100.0 .0 .0 .0 100
61.7 3.6 .0 11.7 22.9 100
68.3 .5 3.3 27.6 100.4
85.6 8.2 1.2 4.0 1.0 100





87.9 1.8 9.2 .0 1.1 100
24.3 2.2 72.7 .8 .0 100
.0 .0 100.0 .0 .0 100
69.02.1 23.9 .0 5.1 100
2.2 56.6 41.2 .0 .0 100
(continued on next page)
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TABLE A1.6 (continnued)





Private Government Investment Exports 
consumption consumption
106 Community services
107 Motion picture, radio 
& television services
108 Libraries, museums & the arts




1.5 59.5 39.0 .0 .0 100
77.7 8.4 13.2 .6.0 100
30.6 26.5 40.2 2.8 .0 100
80.112.3 7.2 .0 .3 100
10.3 87.9 1.8 .0 .0 100
25.2 18.8 56.0 .0 .0 100
* Sales by two fictitious industries (“Sales by final buyers” and Complementary imports”) are 
modelled in the spirit of Dixon et al. (1982, p.176). While both the industries are allowed to 
produce a negligible quantity, the bulk of the supply by “Sales by final buyers” (such as 




WAG AGRICULTURE: ELASTICITIES OF OUTPUT SUPPLY AND 
INPUT DEMAND WITH RESPECT TO PRICES AND FIXED FACTOR










(2) (3) (4) (5) (6)(1) (7) (8)
.251.11 .01 -.05 -.28 .15 -1.19 .251. Sheep meat
2. Wool
3. Grains
4. Beef & other meat
5. Agriculture n.e.c.
6. Materials & services
7. Labour
.53 .31 .10 -1.33 .43 -.05.01 .10
.05 1.23 -.07 11 .25 .50.07 -1.42
-.04 .04 -.18 .02 10 -.01 .27 -.40
-.40 3.59-.84 14 -2.10 .17 -.40-.28
-.86 -1.6214 -.25 .01 1.94 .92 .42
4.671.06 .03 -.35 15 88 -4.38 1.00
Source: Ahammad and Islam (1999).
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TABLE A 1.7b
WAG AGRICULTURE: CONDITIONAL SUPPLY ELASTICITIES 
FOR COMPONENTS OF EACH COMPOSITE COMMODITY
1. Grains
Cereals Pulses & oils
1.1Cereals 
Pulses & oils .9-.9
2. Beef & other meat
Beef cattle Pigs Poultry
Beef cattle .4 1 -.2
Pigs -.4 .7 -.2














ARMINGTON ELASTICITIES FOR WAG COMMODITIES





















11 Services to agriculture; hunting & trapping
12 Forestry & logging
13 Commercial fishing
14 Coal
15 Oil & gas
16 Iron ores
17 Non-ferrous metal ores
18 Other mining
19 Services to mining












22 Fruit & vegetable products
23 Oils & fats
24 Flourmill products & cereal foods
25 Bakery products
26 Confectionery
27 Other food products
28 Soft drinks, cordials & syrups
29 Beer & malt












32 Textile fibres, yams & woven fabrics
33 Textile products
34 Knitting mill products
35 Clothing
36 Footwear
37 Leather & leather products
38 Sawmill products










40 Other wood products
41 Pulp, paper & paperboard
42 Paperboard containers, paper bags & sacks & other paper products
43 Printing & services to printing
44 Publishing; recorded media & publishing
45 Petroleum & coal products
46 Fertilisers
47 Other basic chemicals
48 Paints
49 Soap & other detergents












(continued on next page)
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TABLE Al.8 (continued)
iARMINGTON ELASTICITIES FOR WAG COMMODITIES
WAG commodity Armington elasticity
51 Rubber products
52 Plastic products
53 Glass & glass products
54 Ceramic products
55 Cement & lime
56 Concrete slurry
57 Plaster & other concrete products
58 Other non-metallic mineral products
59 Iron & steel











61 Structural metal products
62 Sheet metal products
63 Fabricated metal products
64 Motor vehicles & parts
65 Ships & boats
66 Railway equipment
67 Aircraft













71 Other electrical equipment
72 Agricultural machinery
73 Mining & construction machinery; lifting & material handling equipment





















85 Accommodation, cafes & restaurants
86 Road transport
87 Rail, pipeline & other transport
88 Water transport
89 Air & space transport














94 Financial asset investors
95 Insurance
96 Services to finance, investment & insurance
97 Ownership of dwellings
98 Other property services
99 Scientific research, technical & computer services
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TABLE A1.8 (continued)
ARMINGTON ELASTICITIES FOR WAG COMMODITIES
WAG commodity Armington elasticity






107 Motion picture, radio & television services
108 Libraries, museums & the arts













112 Sales by final buyers




Note: 1. Elasticity of substitution between local good and imported good, both of the same statistical category, is known as
Armington elasticity following Armington (1969). The elasticities in the table are used to estimate conditional 
elasticities in (i) consumer demand and (ii) intermediate input demand.
Source: Adapted from Johnson (forthcoming).
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TABLE A 1.9
ELASTICITIES OF SUBSTITUTION BETWEEN 
LABOUR AND CAPITAL FOR WAG INDUSTRIES
WAG industry Substitution elasticity
1. Agriculture
2 Dairy
3 Services to agriculture; hunting & trapping
4 Forestry & logging
5 Commercial fishing
6 Coal
7 Oil & gas
8 Iron ores
9 Non-ferrous metal ores
10 Other mining
11 Services to mining
12 Meat & meat products
13 Dairy products
14 Fruit & vegetable products
15 Oils & fats
16 Flourmill products & cereal foods
17 Bakery products
18 Confectionery
19 Other food products
20 Soft drinks, cordials & syrups
21 Beer & malt
22 Wine & spirits
23 Wool scouring
24 Textile fibres, yams & woven fabrics
25 Textile products
26 Knitting mill products
27 Clothing
28 Footwear
29 Leather & leather products
30 Sawmill products
31 Plywood, veneer & fabricated wood
32 Other wood products
33 Pulp, paper & paperboard
34 Paperboard containers, paper bags & sacks & other paper products
35 Printing & services to printing
36 Publishing; recorded media & publishing
37 Petroleum & coal products
38 Fertilisers










































41 Soap & other detergents
42 Medicinal & pharmaceutical products; pesticides & other chemical products
43 Rubber products
44 Plastic products
45 Glass & glass products
46 Ceramic products
47 Cement & lime
48 Concrete slurry
49 Plaster & other concrete products
50 Other non-metallic mineral products
51 Iron & steel
52 Basic non-ferrous metal & products
53 Structural metal products
54 Sheet metal products
















(continued on next page)
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TABLE A 1.9 (continued)
ELASTICITIES OF SUBSTITUTION BETWEEN 
LABOUR AND CAPITAL FOR WAG INDUSTRIES
WAG industry Substitution elasticity
56 Motor vehicles & parts 
Ships & boats 
Railway equipment 
Aircraft






61 Electronic equipment 
Household appliances 
Other electrical equipment 
Agricultural machinery
Mining & construction machinery; lifting & material handling equipment 





















Accommodation, cafes & restaurants 
Road transport












81 Air & space transport 




financial asset investors 
Insurance
Services to finance, investment & insurance 












91 Scientific research, technical & computer services
92 Legal, accounting, marketing & business management services






99 Motion picture, radio & television services











101 Sport, gambling & recreational services
102 Personal services
103 Other services







* For Agriculture, due to the different specification of its production technology (see text), we need elasticity of 
substitution between capital and land which is assumed to be 1 (one). For labour demand in Agriculture, the 
relevant elasticities are reported in Table A1.7a.
Note;
Adapted from Johnson (forthcoming).Source:
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TABLE Al. 10
BUDGET SHARES AND INCOME ELASTICITIES FOR WAG COMMODITIES






















11 Services to agriculture; hunting & trapping
12 Forestry & logging
13 Commercial fishing
14 Coal
15 Oil & gas
16 Iron ores
17 Non-ferrous metal ores
18 Other mining
19 Services to mining











22 Fruit & vegetable products
23 Oils & fats
24 Flourmill products & cereal foods
25 Bakery products
26 Confectionery
27 Other food products
28 Soft drinks, cordials & syrups
29 Beer & malt












32 Textile fibres, yams & woven fabrics
33 Textile products
34 Knitting mill products
35 Clothing
36 Footwear
37 Leather & leather products
38 Sawmill products
39 Plywood, veneer & fabricated wood










41 Pulp, paper & paperboard
42 Paperboard containers, paper bags & sacks & other paper products
43 Printing & services to printing
44 Publishing; recorded media & publishing
45 Petroleum & coal products
46 Fertilisers
47 Other basic chemicals
48 Paints
49 Soap & other detergents
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TABLE A1.10 (continued)
BUDGET SHARES AND INCOME ELASTICITIES FOR WAG COMMODITIES




53 Glass & glass products
54 Ceramic products
55 Cement & lime
56 Concrete slurry
57 Plaster & other concrete products
58 Other non-metallic mineral products
59 Iron & steel











61 Structural metal products
62 Sheet metal products
63 Fabricated metal products
64 Motor vehicles & parts
65 Ships & boats
66 Railway equipment
67 Aircraft













71 Other electrical equipment
72 Agricultural machinery
73 Mining & construction machinery; lifting & material handling equipment





















85 Accommodation, cafes & restaurants
86 Road transport
87 Rail, pipeline & other transport
88 Water transport
89 Air & space transport














94 Financial asset investors
95 Insurance
96 Services to finance, investment & insurance
97 Ownership of dwellings
98 Other property services
99 Scientific research, technical & computer services
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TABLE ALIO (continued)
BUDGET SHARES AND INCOME ELASTICITIES FOR WAG COMMODITIES
WAG commodity Budget share Income elasticity
(1) (2) (3)






107 Motion picture, radio & television services
108 Libraries, museums & the arts












112 Sales by final buyers





A in column 2 implies that the budget share for the corresponding commodity is less than 005 percent.
A in column 3 implies that the corresponding commodity is not a consumer good.
Notes:
Adapted from Johnson (forthcoming).Source:
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APPENDIX 2
MORE ON THE SIMULATION DESIGN AND RESULTS
This appendix gives technical details on how the simulations reported in Section 5 have 
actually been carried out. It also presents the simulation results in greater detail.
Technical Details on the Simulations
Column 3 of Table 3.1 presents the growth in production p.a. in five broad agricultural 
commodities for the period 1977/78 to 1997/98. These average growth rates are used as 
inputs into WAG for simulating the typical-year effects of agricultural growth. The 
simulation approach involves increasing the size of the five agricultural commodities in 
WAG according to the rates.14 Given the extensive export-orientation of WA agriculture, 
it is not unreasonable to treat these growth rates of agricultural commodities as 
exogenous.
The economic environment under which the simulation is carried out is represented 
by the set of exogenous variables listed in parts A and B of Table A2.1. The economic 
environment characterises an unchanged nominal exchange rate and given nominal 
wages. This broadly agrees with the workings of Australia’s federal system whereby the 
exchange rate and wages for WA are largely determined by the rest of Australia (Ye, 
1999). It is assumed that the Agriculture sector increases its capital stocks to attain the 
higher levels of output. In its acquisition of additional capital, it is assumed that the 
sector does not affect the stock of capital available to the non-agricultural sectors. That 
is, the stock of non-agricultural capital does not change. In terms of the WAG notations,
14 Note that WAG includes nine broadacre agricultural commodities. Of these the last seven are 
components of the three composite WAG commodities namely Grains, Beef & other meat, and Other 
agriculture (see Table 3.2). Together with Sheep meat and Wool, these three composite commodities 
therefore represent the nine agricultural commodities modelled in WAG.
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the log-changes in the five agricultural outputs, (with k = j = 1), are set
exogenously equal to the corresponding rates given in column 3 of Table 2.1 (divided by 
100 to convert from percent-change to log-change), with the log-change in the capital 
stock of Agriculture industry, kj (j = IX being determined endogenously by the model.
For example, as the production of Sheep meat grows by 4.58 percent in a typical year 
(Table 2.1), we set y* = .0458 fork=l andj = 1.
It is also assumed that no autonomous changes occur in consumers’ demands (due 
to, for example, changes in tastes and attitudes), or in government and investment 
Government policies with regard to tax rates and the production 
technologies of the non-agricultural industries are also assumed to remain unchanged. 
However, as WAG does not deal with the volatility of production associated with the 
variable natural conditions (such as production losses due to droughts, floods, pest and 
diseases), it is assumed that the growth in agricultural output was made possible by the 
growth in inputs as well as in productivity. Accordingly, the economic closure for the 
output-augmenting simulation was chosen so that WAG determined endogenously the 
rates of growth in agricultural inputs and productivity.
expenditure.
The above simulation quantifies the likely economy-wide effects of the historical 
growth of Agriculture in a typical year. For further insights and analysis, the effects of 
agricultural output growth are decomposed by source — agricultural input growth and 
productivity growth. The rationale for the decomposition can be laid out using Figure 
A2.1 as follows. The vertical axis of the diagram measures the growth in composite 
agricultural output while the horizontal axis measures the growth in composite 
agricultural input. The 45° line, OT, measures the relationship between input growth and 
the corresponding output growth under the assumptions of constant-retums-to-scale and 
no productivity growth. It may be noted that, by construction, the assumption of the 
constant-retums-to-scale production technology is maintained in WAG. If, however, 
productivity growth does occur due to the improved quality of human and physical 
capital, it will shift the ray OT to OT. Any point on the ray OT', say P, will then 




SOURCES OF OUTPUT GROWTH: 














Based on the above technical relationship among output, inputs and productivity, It 
was possible to simulate WAG for the economy-wide effects of agriculture growth in two 
alternative ways:
• Directly by exogenously increasing agricultural output, with agricultural inputs 
and productivity adjusted endogenously and sufficiently to support the 
increased output, as described earlier. This is labelled the “output-augmenting” 
approach.
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• Indirectly by exogenously increasing agricultural inputs and productivity so as 
to simulate the observed growth in agricultural outputs. This is labelled the 
“decomposing” approach.
Except for the different exogenous changes (called “model shocks”) discussed above, the 
two approaches do not entail any changes in the other exogenous variables of the model. 
Accordingly, the two approaches are symmetrical in terms of the simulation results. 
However, one distinct advantage of the latter approach is that it allows for the 
decomposition of the agricultural-growth effects into those due to agricultural 
productivity growth and those due to agricultural input growth. This involves two
one for agricultural productivity growth and the other for 
agricultural input growth. To ensure that the results of the above two simulations were 
comparable and additive, they were carried out under identical economic environments 
whereby the agricultural outputs (as well as all other endogenous variables) were 
determined by the model. Added together, the two sets of effects represented the effects 
of growth in agricultural production and equated the results from the “output- 
augmenting” simulation.
separate simulations
Parts A and C in Table A2.1 represent the economic closure used for the 
“decomposing” simulations. As in the case of the output-augmenting simulation, the 
above two simulations (under the “decomposing” approach) were carried out assuming 
unchanged nominal exchange rate and nominal wages. In terms of WAM notations, the 
variable c4 (with k = j = 1) was changed exogenously for the productivity-growth
simulation and the remaining four variables in part C of Table A2.1 were changed 
exogenously for the input-growth simulation. As for the magnitudes of the “shocks”, we 
have to use the results for agricultural inputs and productivity from the “output- 
augmenting” simulation because there is not enough historical information to construct 
the shocks outside the model. Despite some limitations, one reassuring aspect of using 
the simulated “shocks” is that they approximate the historical average annual growth of 
4.3 and 1.9 percent for agricultural productivity and inputs for the period under 
consideration (see the effects on Agriculture production in Table 5.3).
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More Simulation Results
Table A2.2 through A2.5 present the typical-year effects of agricultural growth on 
producers’ and consumers’ prices, sectoral production and exports for 113 commodities 
and 105 industries defined in WAG. The tables also aggregate these effects to the 10- 
broad-commodity/industry level, as presented in Section 5.
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TABLE A2.1







(1) (2) (3) (4)
A. Exogenous Variables That Are Common to All Simulations
1 ♦Autonomous trend in total consumptiona
c
i = 1,g ♦Autonomous trend in consumption of good i 
from both sources of supply
a, g
Cs For S =1, i=l,...,g 
For s = 2, i e M
♦Conditional autonomous trend in consumption 
of good i from source s
OL g




j = 2,n n- 1 ♦Autonomous trend in the composite demand 
for primary factors in non-agricultural industry j
a
j
Fm m = 1, 2 
j = 2,n
2(n - 1) ♦Conditional autonomous trend in demand
for primary factor m in non-agricultural industry j
a
i
Fm m = 2, 3 2 ♦Conditional autonomous trend in demand 




ocG 1 ♦Autonomous trend in government spending
i = 1,n ♦Autonomous trend in government demand for 
good i
g
G s For S=l, i=l 
For s = 2, i e M
♦Conditional autonomous trend in government 
demand for good i from source s
a. g g
gm
I ♦Autonomous trend in demand for intermediate 
input i from both sources in industry j
i = l,
j = L n
a gnij
(continued on next page)
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TABLE A2.1 (continued)








a!? For S=l,i=l,...,g 
For s = 2, i € M
j = l.
*Conditional autonomous trend in demand 





0^ For k = 3, r = 3, 4 7 ♦Conditional autonomous trend in (individual) 
agricultural commodity supply
j
For k = 4, r = 5,7 
For k = 5, r = 8, 9
j=l
v




v i = 1,g, j = 1,n ♦Autonomous trend in the investment spent 
on good i by industry j
aij gn
avs 
* j For s=l, i=l,...,g 
For s = 2, i e M
j = 1.
♦Conditional autonomous trend in the 
investment spent on good i from source 




d 1 ♦Exchange rate (the domestic-currency price 
of a unit of foreign exchange)
k j = 2, n ♦Capital stock in industry jn- 1j
—FI 1 ♦Pre-tax wageP
Pr i e M ♦Foreign-currency price of importable igm
Clt i = 1, g ♦One plus consumption tax rate on domestically 
produced good i
c:t. i e M ♦One plus consumption tax rate on imported 
good i
gm
t? ♦One plus the ad valorem rate of export subsidyi € E ge
(continued on next page)
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TABLE A2.1 (continued)







(1) (2) (3) (4)
tF1 j = 1, n *One plus the tax rate on labour in industry jn
j
F 2




tF3 j = l 1 *One plus tax rate on land used in 
agriculture
j
t!1 i = 1. —> g *One plus input tax rate on domestically 
produced input i
g
t!2 i € M *One plus input tax rate on imported input i
tr i e M *One plus the ad valorem tariff rate on imports of igm
t.V' i= Lg *One plus input tax rate on domestically 
produced investment good i
g
V2 i e Mt *One plus input tax rate on imported investment 
good i
gm
Total: 4gn + 2gmn + 7g + 7n + 7gm + 2ge + 10
B. Exogenous Variables Specific to the Output-Augmenting Simulation
j = l 1 ♦Autonomous trend in demand for composite 
intermediate input in industry Agriculture




(continued on next page)
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TABLE A2.1 (continued)







(1) (2) (3) (4)
—F2
j=l Pre-vax price of capital employed in Agriculture1Pt
—F3
j=l Pre-tax price of land employed in agriculture1Pj
k k= 1,5, j = 1 5 Quantity of the top-level output k produced by 
agriculture
C. Exogenous Variables Specific to the Decomposition Simulations
ak For k = 1,5, j = 1 5 ♦Autonomous trend in (top-level) agricultural 
commodity supply
J
k ♦Capital stock in industry jj=lJ
j = 1 ♦Land used in agriculture1ni
Fm m= 1, j = 1 Labour used in industry agriculture1Xj
i
j = l Quantity demanded of composite intermediate 
input used in agriculture
1XJ
Total exogenous variables 
for each simulation: 4gn + 2gmn + 7g + 7n + 7gm + 2g«. + 19
Notes: 1. Variables are expressed in log-change form.
2. An asterisk (*) preceding the variable description in column 4 indicates that the variable is 
part of the default closure suggested in Table A1.2.
3. The nine variables listed in each of parts B and C of the table are mutually excusive.
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TABLE A2.2
DETAILED RESULTS: TYPICAL-YEAR EFFECTS OF GROWTH IN 



































Dairy .21 .04 .17
Services to agriculture: hunting & trapping
Forestry, logging & fishing
12 Forestry & logging








15 Oil & gas
16 Iron ores
17 Non-ferrous metal ores
18 Other mining 
Total
Agriculture processing
20 Meat & meat products
21 Dairy products
22 Fruit & vegetable products
23 Oils & fats
24 Flour mill products & cereal foods
25 Bakery products
26 Confectionery
27 Other food products
28 Soft drinks, cordials & syrups
29 Beer & malt
30 Wine & spirits
31 Wool scouring 
Total
Other manufacturing
32 Textile fibres, yams & woven fabrics
33 Textile products
34 Knitting mill products
35 Clothing
36 Footwear
37 Leather & leather products
38 Sawmill products
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TABLE A2.2 (continued)
DETAILED RESULTS: TYPICAL-YEAR EFFECTS OF GROWTH IN 













(1) (2) (3) (4)
40 Other wood products
Pulp, paper & paperboard
42 Paperboard containers; paper bags and sacks 
& other paper products
43 Printing & services to printing
44 Publishing; recorded media & publishing
45 Petroleum & coal products
46 Fertilisers
47 Other basic chemicals
48 Paints
49 Soap & other detergents
50 Medicinal & pharmaceutical products; 
pesticides & other chemical products 
Rubber products
52 Plastic products
53 Glass & glass products
54 Ceramic products
55 Cement & lime
56 Concrete slurry
57 Plaster & other concrete products
58 Other non-metallic mineral products
59 Iron & steel
60 Basic non-ferrous metal & products 
Structural metal products
62 Sheet metal products
63 Fabricated metal products
64 Motor vehicles & parts; other transport 
equipment
65 Ships & boats
66 Railway equipment
67 Aircraft
68 Photographic & scientific equipment
69 Electronic equipment
70 Household appliances 
Other electrical equipment
72 Agricultural machinery
73 Mining & construction machinery; 
lifting & material handling equipment
74 Other machinery & equipment
75 Prefabricated buildings
76 Furniture
77 Other manufacturing 
Total
Trade & transport
83 Wholesale trade + repairs
84 Retail trade + repairs
86 Road transport
87 Rail, pipeline & other transport
88 Water transport
89 Air & space transport 
Total
.09 .07 .03
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TABLE A2.2 (continued)
DETAILED RESULTS: TYPICAL-YEAR EFFECTS OF GROWTH IN 













(1) (2) (3) (4)
Financial & business services
92 Banking
93 Non-bank finance
94 Financial asset investors
95 Insurance
96 Services to finance, investment & insurance .52 
Total
Other services
19 Services to mining
78 Electricity supply
79 Gas supply
80 Water supply; sewerage & drainage services .39
81 Residential building construction
82 Other construction 
85 Accommodation, cafes & restaurants
90 Services to transport; storage
91 Communication services
97 Ownership of dwellings
98 Other property services
99 Scientific research, technical & 
computer services
100 Legal, accounting, marketing & 
business management services






107 Motion picture, radio & television services
108 Libraries, museums & the arts
109 Sport, gambling & recreational services
110 Personal services
111 Other services
112 Sales by final buyers









































DETAILED RESULTS: TYPICAL-YEAR EFFECTS OF GROWTH IN 



































Dairy .11 .02 .09
Services to agriculture: hunting & trapping
Forestry, logging & fishing
12 Forestry & logging








15 Oil & gas
16 Iron ores
17 Non-ferrous metal ores
18 Other mining 
Total
Agriculture processing
20 Meat & meat products
21 Dairy products
22 Fruit & vegetable products
23 Oils & fats
24 Flour mill products & cereal foods
25 Bakery products
26 Confectionery
27 Other food products
28 Soft drinks, cordials & syrups
29 Beer & malt
30 Wine & spirits
31 Wool scouring 
Total
Other manufacturing
32 Textile fibres, yams & woven fabrics
33 Textile products
34 Knitting mill products
35 Clothing
36 Footwear
37 Leather & leather products
38 Sawmill products
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TABLE A2.3 (continued)
DETAILED RESULTS: TYPICAL-YEAR EFFECTS OF GROWTH IN 













(1) (2) (3) (4)
40 Other wood products
41 Pulp, paper & paperboard
42 Paperboard containers; paper bags and sacks 
& other paper products
43 Printing & services to printing
44 Publishing; recorded media & publishing
45 Petroleum & coal products
46 Fertilisers
47 Other basic chemicals
48 Paints
49 Soap & other detergents
50 Medicinal & pharmaceutical products; 
pesticides & other chemical products
51 Rubber products
52 Plastic products
53 Glass & glass products
54 Ceramic products
55 Cement & lime
56 Concrete slurry
57 Plaster & other concrete products
58 Other non-metallic mineral products
59 Iron & steel
60 Basic non-ferrous metal & products
61 Structural metal products
62 Sheet metal products
63 Fabricated metal products
64 Motor vehicles & parts; other 
transport equipment
65 Ships & boats
66 Railway equipment
67 Aircraft
68 Photographic & scientific equipment
69 Electronic equipment
70 Household appliances
71 Other electrical equipment
72 Agricultural machinery
73 Mining & construction machinery; 
lifting & material handling equipment
74 Other machinery & equipment
75 Prefabricated buildings
76 Furniture
77 Other manufacturing 
Total
Trade & transport
83 Wholesale trade + repairs
84 Retail trade + repairs
86 Road transport
87 Rail, pipeline & other transport
88 Water transport
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TABLE A2.3 (continued)
DETAILED RESULTS: TYPICAL-YEAR EFFECTS OF GROWTH IN 













(1) (2) (3) (4)
Financial & business services
92 Banking
93 Non-bank finance
94 Financial asset investors
95 Insurance
96 Services to finance, investment & insurance .47 
Total
Other services
19 Services to mining
78 Electricity supply
79 Gas supply
80 Water supply; sewerage & drainage services .39
81 Residential building construction
82 Other construction 
85 Accommodation, cafes & restaurants
90 Services to transport; storage
91 Communication services
97 Ownership of dwellings
98 Other property services
99 Scientific research, technical & 
computer services
100 Legal, accounting, marketing & 
business management services






107 Motion picture, radio & television services
108 Libraries, museums & the arts
109 Sport, gambling & recreational services
110 Personal services
111 Other services
112 Sales by final buyers







































DETAILED RESULTS: TYPICAL-YEAR EFFECTS OF GROWTH IN 




































Services to agriculture: hunting & trapping
Forestry, logging & fishing
.04 .00 .04
2.33 .23 2.11
12 Forestry & logging







15 Oil & gas
16 Iron ores
17 Non-ferrous metal ores
18 Other mining 
Total
Agriculture processing
20 Meat & meat products
21 Dairy products
22 Fruit & vegetable products
23 Oils & fats
24 Flour mill products & cereal foods
25 Bakery products
26 Confectionery
27 Other food products
28 Soft drinks, cordials & syrups
29 Beer & malt
30 Wine & spirits
31 Wool scouring 
Total
Other manufacturing
32 Textile fibres, yams & woven fabrics
33 Textile products
34 Knitting mill products
35 Clothing
36 Footwear
37 Leather & leather products
38 Sawmill products
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TABLE A2.4 (continued)
DETAILED RESULTS: TYPICAL-YEAR EFFECTS OF GROWTH IN 













(1) (2) (3) (4)
40 Other wood products
Pulp, paper & paperboard
42 Paperboard containers; paper bags and 
sacks & other paper products
43 Printing & services to printing
44 Publishing; recorded media & publishing
45 Petroleum & coal products
46 Fertilisers
47 Other basic chemicals
48 Paints
49 Soap & other detergents
50 Medicinal & pharmaceutical products; 
pesticides & other chemical products 
Rubber products
52 Plastic products
53 Glass & glass products
54 Ceramic products
55 Cement & lime
56 Concrete slurry
57 Plaster & other concrete products
58 Other non-metaliic mineral products
59 Iron & steel
60 Basic non-ferrous metal & products 
Structural metal products
62 Sheet metal products
63 Fabricated metal products
64 Motor vehicles & parts; other 
transport equipment
65 Ships & boats
66 Railway equipment
67 Aircraft
68 Photographic & scientific equipment
69 Electronic equipment
70 Household appliances 
Other electrical equipment
72 Agricultural machinery
73 Mining & construction machinery; 
lifting & material handling equipment
74 Other machinery & equipment
75 Prefabricated buildings
76 Furniture
77 Other manufacturing 
Total
Trade & transport
83 Wholesale trade + repairs
84 Retail trade + repairs
86 Road transport
87 Rail, pipeline & other transport
88 Water transport
89 Air & space transport 
Total
.18 .13 .05
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TABLE A2.4 (continued)
DETAILED RESULTS: TYPICAL-YEAR EFFECTS OF GROWTH IN 













(1) (2) (3) (4)
Financial & business services
92 Banking
93 Non-bank finance
94 Financial asset investors
95 Insurance
96 Services to finance, investment & insurance .21 
Total
Other services
19 Services to mining
78 Electricity supply
79 Gas supply
80 Water supply; sewerage & drainage services .32
81 Residential building construction
82 Other construction 
85 Accommodation, cafes & restaurants
90 Services to transport; storage
91 Communication services
97 Ownership of dwellings
98 Other property services
99 Scientific research, technical & 
computer services
100 Legal, accounting, marketing & 
business management services






107 Motion picture, radio & television services
108 Libraries, museums & the arts
109 Sport, gambling & recreational services
110 Personal services
111 Other services
112 Sales by final buyers







































DETAILED RESULTS: TYPICAL-YEAR EFFECTS OF GROWTH IN 























9 New industries & other agriculture
Total



























.0515 Oil & gas
16 Iron ores
17 Non-ferrous metal ores








4.1620 Meat & meat products
21 Dairy products
22 Fruit & vegetable products
23 Oils & fats
24 Flour mill products & cereal foods
27 Other food products
28 Soft drinks, cordials & syrups
29 Beer & malt
30 Wine & spirits
31 Wool scouring 
Total
Other manufacturing
37 Leather & leather products
38 Sawmill products
39 Plywood, veneer & fabricated wood
45 Petroleum & coal products
46 Fertilisers
47 Other basic chemicals
50 Medicinal & pharmaceutical products;
pesticides & other chemical products 
54 Ceramic products
58 Other non-metallic mineral products
59 Iron & steel
60 Basic non-ferrous metal & products
61 Structural metal products
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TABLE A2.5 (continued)
DETAILED RESULTS: TYPICAL-YEAR EFFECTS OF GROWTH IN 













(1) (2) (3) (4)
68 Photographic & scientific equipment
69 Electronic equipment
74 Other machinery & equipment





89 Air & space transport 
Total










94 Financial asset investors
Total
Other services
19 Services to mining
90 Services to transport; storage
99 Scientific research, technical &
computer services 
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